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Dedication

This volume is dedicated to the memory of

Vernon Cheldelin under whose guidance and

leadership integration of the sciences for

Oregon secondary school youth was begun in

1963.
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Introduction

The Portland Project was initiated in the fall of 1962 when two secondary

school teachers, one with background in CBA chemistry, the other having responsi-

bility for PSSC physics, began to mote and discuss the redundancy in their respettive

courses. Why should students be subjected to this repetitious and fragmented repre-

sentation of the physical sciences? they asked. A Steering Committee met to pursue

the problem further and perhaps enlist the support of a funding organization to

permit its exploration in depth. Under the able and devoted leadership of Vernon

Cheldelin, Dean of the School of Science at Oregon State University (deceased), two

proposals prepared for support by the National Science Foundation were funded in the

summrs of 1963 and 1964.

Thirty-five scientists and teachers devoted various quantities of time as

writers, consultants, pilot teachers, and evaluators, with the aim of ascertaining

the feasibility and efficiency of the integration of chemistry and physics. Con-

currently and subsequently, other groups in other parts of the country have carried

on studies that are approximately parallel to this one.1 Though the conceptual

development and points of emphasis differ, the various groups are satisfied that

integration of science courses is not only feasible but highly desirable.

Or. Michael Fiasca of the Education and Science Staffs of Portland State

University conducted an evaluation which revealed that subject matter achievement in

chemistry and physics and critical thinking abilities are enhanced among students

who studied the integrated courses over those who study the separate disciplines of

Federation for Unified Science (FUSE) was recently organized to act as a

clearinghouse of information on integrated science courses. Victor Showalter at

Ohio University is the chairman of this committee.
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chemistry and physics. It should be emphasized that though these differences were

apparent, it could not be demonstrated that they were statistically significant.2

A concomitant result showed that enrollments in the two-year integrated courses were

dramatically greater than in the separate courses.

A survey completed April 16, 1967 showed that there were forty-four schools

in twenty states using the Portland Project integrated chemistry-physics course.3

Mounting evidence in the literature from prominent persons working in science

education stronglY supported this mode of organization. Dr. Jerrold R. Zacharias,

the prime instigator of the pssc physics program, exemplified the changing attitude

of scientists and educators:

The division of science at the secondary school level, into biology,
chemistry and physics is both unreasonable and uneconomical.

Ideally, a three-year course that covered all three disciplines
would be far more suitable than a sequence of courses which pretends
to treat them as distinct. Today such a three-year course would be
difficult to fit into the educational system, but much of this diffi-
culty might be overcome at once if such a course existed, and it might
well be that present tendencies in education would soon overcome the
rest.

In any case, a greater coordination of the three subjects is
possible even within the existing framework. It is understandable that
the groups which developed the existing programs, each of which faced
great Ooplems of its own as it worked toward its goals, were reluctant
to embark on the larger task of giving coherence to the sum of their
efforts. With the programs now complete or approaching completion,
it may be that the time has arrived for this necessary step.q

2

Detailed results of this study may be obtained by writing to Dr. Fiasca
at Portland State University.

3Detailed enrollment figures and addresses of people who are using the
Portland Project courses may also be obtained from Dr. Fiasca.

4From page 52 of Innovation and Experiment in Education, a Progress Report
of the panel on Educational Research and Development to the U.S. Commissioner of
Education, the Director of the National Science Foundation, and the Special
Assistant to the President for Science and Technology, March, 1964.
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Stimulated by the apparent success of their original work towards this kind of

integrated course, persons close to the Portland Project began to discuss extension

of their work to include biology with chemistry and physics in a three-year sequence.

A third proposal was prepared in 1966 and granted support by the National Science

Foundation. Dr. Arthur Scott, member of the Chemistry Department at Reed College who

has had deep interest in the Portland Project since its inception, graciously offered

his talents, energy and time to carry on the project after Dean Cheldelin's death.

A writing conference was conducted on the Portland State University campus

during the summer of 1967 to deyelop materials such as teacher and student guides.

Eight local pilot schools committed approximately five hundred students and twelve

pilot teachers for testing and evaluation. Dr. Donald Stotler, Supervisor of

Science for the Portland Sehool District, has had an active part in this and other

phases of this project.

Twenty-six persons whose functions were writing, consulting, analysis, and

editing met on the Portland State campus beginning June 14, 1967 to begin preliminary

work on the integrated course. Their first task was to formulate an outline that

displayed logical content development utilizing concepts out of biology, chemistry

and physics. Particular attention was paid to matching students' abilities, interest

and maturity level with the sophistication of-concepts as nearly as this was possi-

ble to do. Then the committee perused material developed by the national curriculum

groups --PSSC, Project Physics, CBA, CHEMS, BSCS and IPS -- in search of material

to implement the outline they constructed previously. In the absence of appropriate

materials, major and minor writing projects were initiated.

The writing committee continued its work in the summers of 1968 and 1969

with Dr. Karl Dittmer, Dean of the Division of Science, as director. Four major

projects were tackled and completed: (1) extensive revisions were effected in the

three-year outline, (2) the first- and second-year courses were revised based upon

9
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student and teacher feedback, (3) the third-year course was developed incorporating

Harvard Project Physics materials as a main vehicle, and (4) an evaluation program

for the three-year course was developed.
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Three-Year Course Rationale xvii

The decision to try to develop a three-year integrated science course which

would replace the traditional three courses in biology, chemistry and physics is

based on several considerations. Among them are:

(1) a conviction that modern developments have made the division of science

under these three headings obsolete;

(2) a recognition that the traditional courses overlap in many areas,

resulting in a great deal of duplication and repetition as in the gas laws, atomic

and nuclear structure, calorimetry and the kinetic molecular theory;

(3) a feeling that terminal students, who take no more than one yeir of

science, deserve to get a taste of all of science rather than just one aspect, as

they do in the conventional programs; and

(4) a desire to emphasize the unity in the approach to natural phenomena

and the similarity in the methods, techniques and apparatus used by scientists in

all fields.

A natural question arises as to what distinguishes this course from a

general science course expanded to three years. The answer is that this course

does not consist of a number of unrelated topics that might be taken up in any

order; rather, it treats science as a structure that proceeds from observation to

the development of general principles and then to the application of those principles

to more involved problems. The emphasis in a general science course is on the

results of science; the emphasis here is on the methods and reasoning by which

scientists have arrived at these results.

The three-year course outline shows that a number of topics such as

properties of matter, energy, heat, and certain biological concepts are discussed

at the first-year level and again later in the course. This re-cycling is deliberate.

It is intended to introduce students in a semi-quantitative way to some of the
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significant generalizations of science and to show how these generalizations arose.

These topics are treated again in the second and third years when greater facility

with mathematics on the part of students makes it possible for them to understand

and appreciate discussions of these topics in the succinct and precise language of

mathematics.

An excessively formal and quantitative approach is avoided in the first

year for several reasons. Students at this level do not extract essential meaning

from such a presentation of information; furthermore, first encounters with new

ideas should proceed frompan intuitive, non-quantitative confrontation to one that

is more quantitative. Teachers have spoken out against teaching and learning methods

which substitute equations, formulas and other quantitative representations for

first-hand experience, word descriptions, examples and illustrations. These

criticisms are just as valid for students who are very capable and very interested

in science as they are for other students. Moreover, the mathematical sophisti-

cation of students at this level is such that they are unable to follow most mathe-

matical arguments as pAplanations for natural phenomena.

The typial science experiences of most secondary school students consists

of one or two years devoted to general science and biology. Few study physics and

chemistry. A significant advantage to the course of study described here is that

students are given a chance to study physics and chemistry at a level of rigor

that is consistent with their ability and their mathematical maturity. Students

who terminate their study of science at the end of one year get a significant

exposure to the structure of biology, chemistry and physics as they are presented

in the latest curricular developments. Students who might not elect science beyond

the first year because of lack of interest in biology may be attracted by the

chemistry or physics portions of the course and elect to take an additional year

or two of science. Students who are "turned on" by biology may wish to pursue

further study of biochemical topics in Years II and III. '



FIRST YEAR COURSE

After considering these problems and goals, the general course outline

for the first year of the course was derived. It consists of four main parts:

(1) Perception and Quantification

(2) Heat, Energy and Order

(3) Mice and Men

(4) Environmental Balance?

The year begins with a study of the perceiver, moves on to the perceived,

and ends with the interaction of the perceiver with the perceived. The first-year

student starts out by gaining a better awareness of the nature of his perception

and senses -- the faculties that make him aware of the world around him. With an

increased understanding of these perceptual abilities, he can turn to the environ-

ment and then relate himself to it. He finds that his perception is limited and

that he often needs to call on technological and conceptual extensions and that

even these have their limitations.

The importance of organization and classification as parts of perception

is emphasized. The physical properties of matter are introduced and studied as

aids in organization and classification of chemicals. The identification of un-

knowns by study of their physical properties and use of organized data on punch

cards is the culminating experiment of the Perception unit.

Apart from the great diversity exhibited in nature, which the scientist

must organize in order to comprehend, certain unifying principles are essential for

deeper understanding. The most powerful of these is the energy concept, which is

explored in the "Heat, Energy and Order" unit in several of its ramifications -

physical, chemical and biological. The discussion begins by developing an experi-

entially important energy form, viz., heat. The macroscopic aspects of heat as

embodied in calorimetry are related to the microscopic in terms of random molecular

motion. This builds confidence in the idea of the atomic nature of matter, which

1 9
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XX
is essential to much of the unit. Various energy conversions form the vehicle

for extending and generalizing the energy Concept. Nuclear energy is developed

in sufficient detail to underscore its environmental and social significance.

Finally, the thermodynamic limitations and implications of energy conversion are

eYplored, ending with a view of life as a supremely artful organizer in nature,

a rechanism powered by energy which creates wondrous "local order", but always

at the expense of influencing its environment.

The growth of a mouse colony carries the thread of the unit "Mice and

Men." As the colony develops, students learn many things about the concept of

p"pulation. The food and water consumed and products eliminated tie the mouse

colony back to the unit "Heat, Energy and Order", and point ahead to the chapter

on communities and to the unit "Environmental Balance?".

The cell concept is given prime position in this unit. It is used to

entcr tonics on reproduction, embryology and maturation which are observed in the

micrl ard other organisms. The mice selected for the original colony are such hat

an Pxperiment in Mendelian genetics comes out of the observations.students make

z:s t colony develops. In Most of the chapters man is an important organism and

r.,..Pives as much attention as the mouse, although the data are often secondhand.

A rather unpleasant fact that must be faced is that as our population

increaEos, and human activities are directed towards increasing the standard of

living for thi,, population, strains are placed upon the environment. As students

di!;cover in "Mice and Men," the size of the community has a relation to both the

c:w..Lity of the food, water and energy required and the quantity of waste products

produced. To develop the concept of a closed system and point out the necessity

for,,mvironmental management, an analogy between the earth and a spaceship is

rwle. Students are then introduced by a multi-media approach to the nature of some

of our ccralT7Cr; pollutants (with emphasis upon air, water, heat, noise and radiation)

20



as, well as their effects. Following this students are encouraged to undertake a

rather detailed study of a particular type or aspect of pollution. Emphasis here

is placed upon student activity, which may take any number of forms. The culmi-

nating activity centers around discussion of these special studies together with

the complex relations involved within the environment. It is hoped that out of

these studies students will become aware of threats which exist to man's future

on this planet.

THE SECOND YEAR COURSE

The second year of the course is considerably more quantitative in its

approach than the first. This is the case because (1) the students are one more

'year along in their mathematical preparation, (2) the students who elect to take

a second year of science are more likely to exert the effort to master more diffi-

cult topics, and (3) many of the quantitative aspects of physics and chemistry

are basic to an understanding of molecular biology, which is an important part of

the following year's work.

The second year consists of two parts:

(1) Motion and Energy

(2) Chemical Reactions

Year II begins with the study of motion, going from the quantitative

description of motion to a consideration of what causes motion and a discussion of

Newton's laws. There follows the development of the laws of conservation of

momentum and energy, including a discussion of energy in biological systems. This

section, which is primarily mechanics, culminates with a discussion of kinetic

molecular theory.

Due to recent advances in both molecular biology and biochemistry, the

descriptive approach to biology has gradually given way to one that is primarily

analytical. It is now necessary, even on the high school level, for the serious

biology student to have a more thorough understanding of those concepts normally

21
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cxii embodied in the "modern" high school physics and chemistry courses. The major

Ojective of "CheMical Reactions" is to build some of those basic chemical concepts

that are necessary for an analytical study of "The Chemistry Of Living Matter"

and "Energy Capture and Growth."

The following subtopiet of this section help in the realization of the

major objective: Some of the topics discussed are the mole concept, equation

writing, energetics associated with chemical reactions, the dynamic nature of

particles and their interactions and the application of energy and equilibrium to

chemical systems.

THE THIRD YEAR COURSE

Year III consists of four parts:

(1) Waves and Particles

(2) The Orbital Atom

(3) Chemistry of Living Matter

(4) Energy Capture and Growth

The underlying rationale of the third year is a study of energy and its

importance to life. The first thrust is to build the orbital model of the atom

using, as background, waves, electromagnetism and historical models of the atom.

Once the orbital model is established as a representation of the localization and

directionalization of electronic energy, structural models are built to show how

biopolymers are spatially arranged and experiments are done to give evidence of

energy relationships. With shape, size and energy relationships of molecules

established, the DNA molecule is introduced. The culmination of this work comes

in che final section when photosynthesis is considered. With this topic, much

that has gone before is brought to a logical focus.

These topics are most appropriately placed in the third year of the

integrated sequence after students have developed some facility with basic ideas



from chemistry and physics - e.g., quantitative knowledge about energy, mechanism

of chemical reaction, equilibrium, rate of reaction, the photon and wave nature

of light, electrical phenomena, and kinetic molecular theory. They should not now

simply parrot biochemical processes such as photosynthesis and cell respiration

but should understand the many chemical and physical principles which underlie

these processes.

Time is allotted at the conclusion of Year III for individual investigation

and studies.
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Three-Year Course Outline

TOPIC REFERENCE

First Year

Part One: Perception and Quantification

I. Sensing and Perceiving PP*

II. Measurement, Distribution, PP

Organization and Communication

Part Two: Heat, Energy and Order

I. Heat PP

II. Temperature and Chaos PP

III. Energy PP

IV. Nuclear Energy and Radioactivity PP

V. Trends in Nature PP

Part Three: Mice and Men

I. Reproduction and Development PP

II. Genetics PP

III. Genetics and Change PP

IV. Populations PP

V. Ecology PP

Part Four: Environmental Balance? PP

* PP designation signifies materials produced by the Portland Project.
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xxvi

Part One:

Part Two:

TOPIC REFERENCE

Second Year

Motion and Energy

I. Motion HP*

II. Newton Explains HP

III. Multi-Dimensional Motion HP

IV. Conservation HP

V. Energy - Work HP

VI. Kinetic Theory of Gases HP

Chemical Reactions

I. The Mole as a Counting Unit PP

II. Combinations of Gases PP

III. A Useful Form of P=kDT PP

IV. Chemical Equations PP

V. Electrical Nature of Matter CHEMS+

VI. Basic Particles CHEMS

VII. Energy Effects in Chemical Reactions CHEMS

VIII. Rates of Reactions CHEMS

IX. Equilibrium CHEMS

X. Solubility CHEMS

XI. Acid-Base CHEMS

XII. Oxidation-Reduction CHEMS

* HP designates Harvard Project Physics material.

+ CHEMS designates material derived from the Chemical Educational

Materials Study.
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TOPIC

XIII. Stoichiometry

xxvii

Year Three

REFERENCES

CHEMS

Part One: Waves and Particles

I. Waves HP

II. Light HP

III. Electricity and Magnetic Fields HP

IV. Faraday and the Electrical Age HP

V. Electromagnetic Radiation HP

VI. The Chemical Basis of Atomic Til,or.:! HP

VII. Electrons and Quanta HP

mr. The Rutherford-Bohr Model of the Atom HP

P. Some Ideas from Modern Physical Theories HP

Part Two: The Orbital Atom

I. Atoms in Three Dimensions PP

II. Many-Electron Atoms CHEMS

III. Ionization Energy and the Periodic Table CHEMS

IV. Molecules in the Gas Phase CHEMS

V. The Bonding in Solids and Liquids CHEMS

Part Three: The Chemistry of Living Matter

I. Monomers and How They Are Built PP

II. Polymers or Stringing Monomers Together PP

III. Polymers in 3-D or The Shape of Things to

Come PP

IV. Where the Action Is--The Active Site PP

26



Part Four:

V. How Polymers Make Polymers PP

VI. Genes, Proteins and lutations PP

Energy Capture and Growth

I. Energy Capture PP

II. Energy Consumption Metabolism PP

;IL Metabolism and Genes PP



PERCEPTION AND QUANTIFICATION
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Outline: Perception and Quantification

SECTION TOPIC PAGE

Chapter I: Sensing and Perceiving 9

A Experiment: The Sow Bug 9

Optical Illusions 12

B.1 Experiment: Size Illusions 19

B.2 Using Illusions 22

B.3 Demonstration: Seeing Through Hearing 24

Limitations of Our Senses 26

C.1 Experiment: Touch 30

C.2 Experiment: Depth Perception 30

Exercises for Home, Desk, and Lab (HDL) 35

Questions for Further Study or Experimentation 36

C.3 Reliability and Validity 37

C.4 Experiment: Peripheral Vision 38

Exercises for Home, Desk, and Lab (HDL) 42

Questions for.Further Study and Experimentation 43

C.5 Experiment: Visual Reaction Time 44

C.6 Experiment: Auditory Reaction Time 47

Exercises for Home, Desk, and Lab (Hpo 51

C.7 Experiment: Paramecia and Their Speed 54

C.8 Demonstration: Size and Weight 55

Exercises for Home, Desk, and Lab (HDL) 57

Questions for Further Study and Experimentation 61

Experiment: Responses of Sow Bugs 62
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SECTION

II

TOPIC

Chapter II: Measurement, Distribution,

PAGE

71Organization and Communication

A Measuring and Counting 71

A.1 Systems and Units of Counting 72

A.2 Distance, Mass, and Time 73

A.3 Experiment: The Scalene Triangle .-75

A.4 Uncertainty Associated with Measurement 76

A.4.a Uncertainty Associated with Instruments 77

A.4.b Human Uncertainty 78

A.4.c Uncertainty Due to Changes Within the System 79

A.5 Range of Uncertainty 80

A.6 Place of the Uncertainty 81
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Chapter I: SENSING AND PERCEIVING 9

A. Experiment: The Sow Bug

How good are your powers of observation?

Do you have the patience and the know-how that

it takes to be a really good observer? In this

experiment you will be observing a familiar

object -- a sow bug.

Write a description of the sow bug your

teacher places before you on the table. Make

it as complete and detailed as you can.

When you have completed your individual

lists, one person at each table will be assigned

the task of itemizing all the different observa-

tions made by your table.

37

Equipment and hateria/s:
Suggested: 5 anima/s per
student.

The less you structure
this experiment for the
student, the better his
learning experience may be.

A class of thirty stu-
dents might be arranged in
groups of six. Each student
is given sow bugs to observe.
With many sow bugs on a
table there could be inter-
action bctween the sow bugs
as well as between the
students.

Instruments such as
magnifying glasses, rulers,
meter sticks, balances, and
graduated cylinders should
be available in the event
they are asked fbr. If
students raise questions
while observing the sow bug
and its activities, these
should be written in their
data books.

10 to 15 minutes may
be aZZ the time needed by
the students to complete
their lists.

Assign one person at
each table to report the
observations fbr the rest.
These could be listed on the
blackboard and only non-
repetitive observations
added as each table reports.

The students could make
a contest out of this; the
winning table (team) would
be the one that has the
greatest number ofobserva-
tions. Of course, aZZ inter-
preting or inferences would
have to be ruled out.
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Dur'ing'the class dis-

cussion that follows., it may
prove worthwhile to:

(1) Ask the students
to tell which sense or senses
they used when making each
observation. Note these
next to each observation on
the blackboard using initials
an in the following:

Eyesight - E
Feel - F
Hearing - H
Taste - T
Smell - S
Temperature - Te

(2) Ask the students to
consider what condit-ions can
be controlled or need to be
controlled as they observe
their subject. Have them
name some conditions which
might not be important in
this one. Examples would be:

--The experiment is
done on the second floor.

--The Zab table is near
the back wall.

Ask them to consider
some conditions which might
have been important to the
experiment they just carried
out. Examples here would be:

- -The experiment was done
in the morning (or the middle
of the afternoon).

- -The sow bug was on the

table out of its environment.
--The temperature of

the room is around 700 F
(about 21° C).

(3) Also, you might
offer questions like those
that fbllow:

- -Why do you think these
conditions are important?

- -How might they be
different from those in the
animal's iatural habitat?

- -What do you think is
the natural habitat of these
animals?
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- Many times it is diffi- 11

cult to recognise conditions
that might seriously affect
what is being observed in an
experiment.

This experiment should
point up (1) the need fOr a
student to improve his tech-
niques used in making obser-
vations, (2) the answer to
which sense or senses are most
commonly used in observing
(2nd the need to bring more
into use), and (3) the impor-
tant difference between
observing and inferring.

Some possible observations:

One very important obser-
vation should involve behavior.
About 70% of the isopods should
be able to roll up in a ba//.
The others will not be able
to do this even when tormented
quite a lot. YOU SHOULD SEE
TO IT THAT BOTH KINDS ARE IN
THE SET TO BE OBSERVED.

It will probably be noted
that the dorsal surfdce is
quite smooth although the
minority will have many
tubercles (warts - bumps);
other traits may be noted that
will naturally segregate the
sow buga into two sets.

These sets are really
general; there are on/y a
few genera of 8010 bugs in
North America, including
Armadillidium (a type which
rolls itself up like an
armadillo) and Porcellio.

Instruct the class that
in the Ature it is
Porcellio which they ought
to brtng in when sow bugs
are needed for experimental
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work. F4rthermore, there are

two kinds of Porcellio-(spec-
ties): when mature PorcelZio
Zaevis is larger and less
tuberculate than Porcellio

scaber.

1) They have 2 antennae

2) They have 7 pairs of
legs

3) Body is jointed

4) Three regions: head,
middle, tail

5) Some have 2 pro-
jections on taiZ

6) Ejge may be smooth
or saw-toothed

7) Legs are jointed

8) Some of them roll
up in a ba// when
bothered

9) Fiat ones are faster

10) Some are domed;
others nearly flat

11) Some have a faint
pattern of color on
the back

Keep this section moving.

The student has observed
the sow bug. One purpose of
the following exercises and
experiments is to point out
that our senses used in
observing are not always re-
liable. Environmental factors
and preconceptions or "mind-
set" will affect the way we

perceive. We also have bio-
logical and physical limita-
tions. Another purpose is to
show that although people
perceive somewhat similarly,
they also perceive differew,ly
in many instances. A third

B. OPTICAL ILLUSIONS

You have noticed the use of your senses

in observing and describing a sow bug. How

reliable are your senses and the observa-

tions yov make by means of those senses? See'

Figures B.1, B.2 and B.3.
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Figure 8.2
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Figure 8.3-
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purpose is to lead the stu-
dent to realize that he needs
tools to extend his senses
and that he needs to uce
measurement and quantifica-
tion in order to communicate
to others comparativr 718-
criptions of what he .mceives.

There is a Lore number
of examples of optl,'.1/ illu-
sions available. Student
science magazines, psychology
and physiology books are
i4r4(.11/ good sources. Sug-
u,..t, ,1 books: The Mind (Life

Science Library, Time Inc.,
N.Y., 1964); D. Krech and R.
S. Crutchfield, Elements of
Paychology, (Alfred A. Knopf
Publiehing (o., N.Y.,1961);
an,/ N. Reeler and F.M.
fironlry, Experiments in
Opieal Illusion) (Thomas Y.
(rowell Co., N.Y., 1951).
Tht,re are also some commer-
cially prepared transparen-
cies available (3 M Company).
Th tcacher could use more
c.ramp7oo of optical illusions
(1:7 c fit -- depending
nr. Ind materials
acal, 1) ,1. and on the interest
of Ow clase.

4 usrful and interesting
pamphl,:t The Color Tree

Int.?rchem. For information
send to Interchemical Corpora-
tion, 67 Weet 44th St., New
York, York 10036.

f011owing gives dir-
eCtIOP: for preparing three
illurione that should be of
interce. Students who wish
to Jo 00 could make these for
thema,'Iocs or the class.

Colop /1pcP-JmagO

not dealt here
mith iht(.meting color illu-
victir ,r color after-image.

4 2
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One good example is a draw- 15

ing of the American flag with
black stars on yellow back-
ground and alternating green
or blua-green and black stripes.
The colors must be vivid.
The student stares at the
center of the flag fbr about
30 seconds and then looks at
a white paper fbr about 10
seconds. An after-image
appears ofa red, white, and
blue flag. (Squinting the
eyes a little sometimes makes
the after-image clearer.)

The Pendulum

Tie an object such as
a small metal weight on the
end of a string. Tie the
other end of the string to
any kind of a hook (a nail,
light fixture, etc.) attached
to the wall or ceiling. This
will allow the object to
swing freely as a type of
pendulum. It shoule wing
parallel to the wall. Hold
a piece (about 2" square)
of colored filter paper (or
cellophane or colored glass)
over one eye. Look at the
swinging object (pendulum)
with both eyes open. Al-
though the pendulum is
swinging parallel to the wall,
it will appear to swing in an
ellipse. It will appear to
swing counter clockwise if
the right eye is covered and
clockwise if the left eye is
covered.

The color of the filter
paper used is not important
as long as it is dark. Dark
blur:, green, or red is
effective.

An attempt should be
made to explain the illusi)n.
(Cutting down the light in-
tensity to one eye is re-
sponsible for the effect.)

43
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Test such hypotheses as

these:

(a) The illusion is due
to certain colors. (Not eo;
different colors give the
same result.)

(5) The alusion is diw
to the filter paper or the
glass. Clear paper or glass
would not produce the illusion.
Colored paper and oolored
glass give the same illusion.

(c) Light is bent.
(Not so. n'y a clear convex
or concave lens. The illusion
will not occur.)

The Trapezoid

Build a trapezoid ac-
cording to the pattern given.
As shown on the pattern,
shade both sides exactly the
same.

Attach the trapezoid to
a hand drill. This can be
done by using a paper clip.
Straighten one of the bends
in the paper clip and glue
this to the trapezoid. Put
the other end (still bent) in
the hand drill and tighten
the hand drill in order to
hold it.

Turn the hand drill to
rotate the trapezoid. Because
of its shape and its coloring,
the trapezoid will appear to
oscillate rather than to
rotate.

It will be necessary to
experiment somewhat to find
the proper speed of rotation
to get the illusion, but
about one or two turns per
second should work.

The illusion is easier
to see if one eye is closed.

4 4
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It would be better if a

variable speed motor or turn-
table could be used in order
to turn it more evenly. It

would also be more effective
to conceal the device used
to turn the trapezoid.

Fbr further illusion,
place a haU of (colored)
kleenex through one of the
windows (or use a small
pencil held by a wire) and
turn the trapezoid.

UARNING TO TEACHERS:

Prepare fbr Experiments
C.1 through C.6.
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B.1 Experiment: SIZE ILLUSION

Look at the following figures and record

in your lab book which is larger, A or B? Do

not be influenced by what you may know to be

the right answer.

Which one do you think looks larger?

Estimate how much larger. (Do not measure.)

Figure B.4 - Which is longer?

Fijure B.5 - Front post is A, back post
is B; which is taller?

47

Equipment and Mhteri.als
30 metric rulers or
meter sticks

In looking at these
optical illustions, the stu-
dent should, notice that the
surroundings, the position,
'and the color (light and
dark) have an effect on our
visual perception.

lt is also hoped that the
student will realise a need
for measurement. The ideas
of uncertainty, significant
figures, and averaging can
be introdidced here, but they
will be treated in more detail
later.

You are asking the stu-
dents to estimate "haw much
larger" but not allowing
them to measure. 2he idea of
ratio could be introdUced with
these types ofquestions:

DOes one figure appear
to be twice as large (ex-
pressed 1:2)? Half again as
large (expressed 1:1.5)?
One-tenth again as large
(expressed 1:1.1)?

Some students win have
seen these and know that in
each cope they are the same
size. Some others might
give what they think will be
the right answer and not what
they actually see.

They are not to make mea-
surements of any kind at this
time. When time fbr measure-
ment arrives, be sure the
metric system is used.

19
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Figure B.6- which ci rcle is
larger, A or B?

Figure B,7-

48

Look at the center circle.
Is the center circle in A
the same size as the center
circle in B?



Figure B.8 - Which is larger?

Figure 8.9 - Which circle is larger?

Now that you have recorded your answers,

check to see if you are right. Which one in

each case is actually larger? Record the

answers in your lab book.

For helpful hints in writing labora-

tory reports see Appendix A.

49

It is hoped that at this 21

point students will see the
need for a measuring instru-
ment. They should be enoou-
raged to devise their own
unite of measumments, even
if they use a pencil or a
similar object as a measuring
instrument to make comparisons.

Now ask for the actual
figures so that you oan put
them on the board. When
this is done, students should
see the need for a aommon
standard of measurement. If
one student gives his answer
in inches, another 4 of a
pencil, another the distance
fl'om his knuckle to the end
of his finger, they should
see that comparisons of
results cannot be made and
also that the length of a
finger would not be the same
for all. A common standard
is needed. Discuss this in
class.

Pass out meter sticks
or rulers that are marked in
the metric system. Rave them
measure in cm the length of
the two lines in Figure 8.4.
(They may do more measure-
ments if so desired, but one
example should be adequate.)
It may be necessary to take
some time here to help those
who are not familiar with
the metric system, but a
lengthy treatment is not
necessary. An understanding
of what a cm is and how to
read the ruler is probably
sufficient.

After the class has
completed measuring (and
recording) the length of
the lines in Figure B.4,ask
for the results of ten to
fifteen students far line A.
PUt these on the board. It
is expected that the answers
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will vary slightly. These
variations couZd introduce
the idea of uncertainty,
human amd instrumental error,
significant figures, and
averaging.

At the conclusion of
B.1 show the film "Visual
Perception" (19 minutes),
1959, Educational Testing
Service.

8.2 USING ILLUSIONS

In Figure B.5 do you get the illusion of

depth? Artists often make use of this illusion

(which they call perspective). Have you seen

examples in which "pop" artists use lines and

colors to create illusions?

Figure B.I0

In the picture above the li:otee

looks larger. The next time you clo C A vinery

store, notice how many packaged foods ape 'I' ;filht

colored containers.

50



Dress designers also make use of illusions.

A black dress makes you appear thinner. What

effect would a light dress have? Designers

must also consider how lines affect your

appearance. Which of the identical girls be-

low looks thinner?

Figure B. 11

Can you think of other examples of using

optical illusions?

51

The one wearing the
dress with vertical lines
looks thinner.

23
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Equipment and Material:
blindfnd
8" x 12" cardboard
4" x 6" cardboard

The film "Blind as a
8at" (MIS, 1954, 7 min.),
a9ailable at Portland AdMini-
ctration Building, can be
shown immediately preceding
the "SEEING THROUGH HEARING"
demonstration, which will
be much more effective if
the film is shown. Ask the
students if they could do as
well as the bats.

Blindfold a student and
scat him on a chair in front
of the class. Tell the blind-
folded student that two pieces
of cardboard will. be succes-
sively passed before his face.

One pioce of cardboard is
8 x 12 inches. The other is
4 x 6 inches. The blindfolded
student should hiss while the
teacher holds the cardboard
about 8 inches from the stu-
dent's mouth. Most students
wiil have no difficulty iden-
tifying the cards. Repeat
the demonstration with several
students as time allows.

In addition to size dif-
ferenti:ation by sound, bZind-
foidd may also
locate direction by sound.
Have a blindfolded student
seated in a chair plug his
ozre wl-th his fingers while

meve to some position in
a 11700 qrc in frontof the
student. After counting to
1C while hin fingers are in
his ears, the blindfolded
rtudont should remove hie
filgers from his ears and
begir hrsing. You will hold
the 3 x 12 inch cardboard
about 8 inches from his face
as he hisses and swivels his
head from side to side. The

B.3 - Demonstration: SEEING THROUGH HEARING

You have heard of bats flying at dusk

and you know that airplanes fly at night.

Submarines navigate under water. How can they

see to follow their courses? What are your

"seeing" powers when blindfolded? Your

teacher will show you how to "see" with your

ears.

For optional experiments related to

perception, see Appendix B.

5 2



blindfolded student should
have no difficulty in loca-
ting the card and pointing
to your position. Perhaps
your students have read
reports on teaching blind
Means Sonar navigation.

5 3
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Lab instructions fbr
Experiments C.2 - C.8.

In these five experiments
students should recognize some
limitations of the human
senses. Because quantifica-
tion i8 used, students can
compare results and find
some similarities and dif-
ferences in human perception.
They should begw,- to see a
need to use too..d to extend
their senses.

The techniques of re-
cording data, averaging and
graphing are emphasized.

All five experiments
should be set up in one room
at one time. Student lab
groups made up of three stu-
dents do each experiment, but
each group dbes them in a
different order.

It is suggested that you
give general instructions fbr
the whole lab block befbre
dividing into small groups.

After instructions are
given, assign lab groups and
the order in which each.group
is to proceed.

There are five experi-
ments and three students in
a lab group. Therefbre, if
you have more students, you
will need to prepare two sets
of equipment fbr some of the
experiments. The Reaction
Time, Touch, and Visual and
Auditory Reaction Time
experiments require the
least amount of equipment,
so use two lab "set-ups"
fbr these as needed.

Toward the end of this
lab block, students may have
to wait fbr the use of the

C. LIMITATIONS OF OUR SENSES

In Experiment B.1 - S/ZE ILLUSIONS, pro.

bably most of you chose the same figure as

being the larger. But when you observe

things, do you all perceive (see, feel, smell,

hear, taste) the same things in the same way?

You know that sone people like the taste

of olives, some do not. Is this because they

taste different to sone? You know that your

environment and learning have an effect on how

you perceive and on ytur choice of what you

like or don't like. But do you actually know

whether or not all people taste the same thing

in the same way?

When you see something that is blue, does

it look exactly the same blue to someone else?

Since there is no way to measure or quantify

your perception of blue, there is no way of

comparing and communicating with others as to

what you actually are perceiving. Therefore,

there is no way to tell whether or not the

blue looks exactly the same to someone else.

5 4



equipment for Depth Percep-
tion, Peripheral Vision, and
Response Time of the Nye. Ry
then, however, they should
have enough data to compile
and questions to answer that
they can work on these while
waiting. Also, most of the
experiments are open-ended
and have,suggestions for
Pother study and experi-
mentation for students who
have the time.

With this many lab groups
and experiments, it is sug-
gested that you ust student
help or lab assistante. They
could help set up the equip-
ment and keep it working and
could help students with
general instructions and
procedures.

The formula for finding
an average or mean is used
quite often. It is

Sx where

I is the average or mean;:E,
evm of; x, the individual

scores; and N, the number of
trials.

You might want to dis-
cuss 7.his formula with them
now by putting it on the
board and seeing if they can
figure out what it means.

5 5
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Instructions fbr the stu-
dents are as fbllows: (read
them with the students for
emphasis):

(1) Read the directions
and background material fbr
the experiment you will be
doing befbre you come to
class (time is limited).

(2) In class work
.ty but carefUlly. You

will. be expected to db one

Your senses are limited in several impor-

tant ways. You will conduct a series of ex-

periments to determine the nature of some of

these limitations. Since in these experiments

you will be making some measurements, you will

be able to make some comparisons as to simi-

larities and differences among sense perceptions.

There are five experiments to be done:

Touch

Depth Perception

Peripheral Vision

Visual Reaction Time

Auditory Reaction Time

The teacher will assign lab groups and

give directions. He will also assign the order

in which each group is to do the experiments.

Read carefully these instructions:

(1) Read the directions and background

material for the experiment you will be doing

before you come to class (time is limited).

(2) In class you should work quickly but

carefully. You will be expected to do one

experiment, collecting and recording all of

the necessary data in about one lab period.

(3) You will be-expected to do some of

the data compiling, mathematics, graphing and

questions at home. (The teacher will need to

56



N\

take some time in class for those who need help

and for general instructions and discussion.)

(4) If the equipment you need to use is

busy, while you are waiting, use the time to

compile data and answer questions. If you have

time, work on some of the suggestions for

further study and experimentation.

5 7

experiment, collecting and
recording all of the necessary
data in about one Lab period.

(3) You will be expected
to do some of the data compil-
ing, mathematics, graphing,
and questions at home. (The

teacher will need to take
some time in class for those
who need help and for general
instructions and discussion.)

(4) If the equipment
you need to use is busy,
while you are waiting, use
the time to compile data and
answer questions. If you
have time, Win* on some of
the suggestions for Pother
study and experimertdtion.

It is expected that this
lab block will tike two-and-
one-half weeks. Some of the
questions involving compari-
sons to the whole class can-
not be answered until all
of the students have fin-
ished, so allow two or three
days for discussion of these
questions.

At the end of this lab
block be sure to discuss

Questions 2 and 3 (Depth
Perception)

Questions 3 and 4
(Peripheral Vision)

Questions 2, 3, 4, 5, 6,

7, and 8 (Visual and
Auditory Reaction
Time)

29
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Equipment and Materials
compass., divider, or
other sharp instrument
blindfbld
metric ruler

Ideally you should file
the sharp metal point of the
compass to a slightly rounded
point more like the pencil
point. Students will find
that their finger tips will
have a touch threshold about
ten times more sensitive than
their fbrearm (3 mm vs. 3 cm).
It makes no difference if the
front or rect..- of the fbrearm

is touched. The most important
instructar? is that great care
be taken to have both points
of the compass touch
simultaneously. The student
b=ling "touched" may be blind-
Plded or he may simply look
away from his arm. There
should be time fbr each stu-
dent to be "touched."

The finger is much more
sensitive than the fbrearm.

We don't think alignment
makes a difference, but it
depends upon experience.

Equipment and Materials
Heavy string (one about 200
cm long, another about 600
cm long).
pens or pencils, same

co:or and size, with
clips.
Cardboard fbr shielding and
sornens, neutral color.

Meter stick.

C.1-Experiment: TOUCH

Spread the points of a compass (divider) to

4 cm. Touch the points of the compass to the

forearm of a blindfolded lab partner. Ask if

there are two points or one point touchfng his

arm. Record the distances and the student

responses. Move the points of the compass

closer together. Record the distance that your

lab partner reports as a single touch when two

points ar- -ctually touching his arm. Remem-

ber to use an occasional one-point touch as a

control or otherwise he will know that he is

being touched with two points every time. Re-

peat this process on the tip of a finger. What

do you find about the sense of touch for a

finger compared to the forearm?

Does your sense of touch differ from that

of your lab partners? Does the alignment

(parallel or perpendicular) of touching upon

the forearm change the measurement?

C.2-Experiment: DEPTH PERCEPTION

The object of this experiment is to try to

line up the two pens by moving one of them. You

will need three people in your lab group.. One

student is the subject (S), one is the experi-

menter (E), and one is the recorder (R). After

twelve trials change roles and repeat the pro-
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Suggested minimum table length, 135 cm,

Table

Uniform color background.

Folded paper to block student's view of meter stick,

1

Stick, pencil, marking pen,

etc, poked into paper box

\ so as to stand up.

Marks so ps to

compare position

__:7l1eter stick

Small paper box glued

onto cardboard.

le to move the movable
Cardboard or stiff pope
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cedure for twelve trials. Then again change

positions. Eack of you will then have performed

each of the roles of S, E, and R.

As S, you will sit at the table and look

at the pens either (1) through a hole in the

cardboard screen that allows you to use only

one eye (either the left or right) with no head

motion (monocular condition), (2) through a

wide hole in the cardboard screen that allows

you to use both eyes and no head motion (bino-

cular condition), or (3) with the cardboard

removed allowing you to use both eyes and head

movement (motion parallax condition). Keep

your head low enough so that the meter stick

is not visible to you.

R will tell you the proper condition to

use. Take the string and adjust the movable

pen to aid fro until you think you have it

lined up with the stationary pen. You have

then judged them to be the same distance from

you.

As E, between each trial you will change

the standard pen (the one that cannot be

moved by S) to a new position and adjust the

movable pen to the front or back of the meter

stick. Why should this be done?

When S informs you that he has the pens

lined up, give the error score to the recorder.

6 2

2 small boxes to support pens 33
or pencils.

In this experiment stu-
dents are to assess the ad-
vantages of binocular dis-
tance perception as compared
to monocular distance percep-
tion. They are also to
evaluate the addition of
motion parallax as an aid in
distance perception.

The experiments show
similarities (binocular dis-
tance perception will be
better) and differences
(individual scores will
dWer) in visual perception.

There will be a need to
find an average or mean error
score.

In order to have a Ltand-
ard with which to ;1.2mpare,

X can befound fer the class
by a few students.

Assemblf 7uipment as
shown in the ;.....agram. Dis-
tances are approximate and
can be varied.

Instruct the students to
use the same epe throughout
al/ the monocuLar tests.

Notice that the experi-
menter moves the pens between
trials, and that the condi-
tions are varied. Learning
takes place and the subject
makes adjustments if this is
not done. For example, if he
is consistently getting a
negative score', he will
compensate for it. He may
also find other clues to use.



34 This error score is the number of centimeters

(to the nearest 0.1 cm) that the movable pen is

from the standard pen. If the movable pen is

too far from S, give the direction of error as

minus (-); if it is too near, give it as

positive (+).

As R, you record for S. Make a chart as

follows:

Trial Condition Error
Score

Direction of
Error (too
near +) (too
far -)

1 Monocular

2 . Monocular

3 Binocular

.

4 Binocular

5 Motion
Parallax

6 Motion
Parallax

,

7 Motion
Parallax

8 Motion
Parallax

.

9

.

10

_Binocular

Binocular

11 Monocular _

12 Monocular ,

Why are the conditions varied? You give

6 3



the condition to be used for each trial to S.

As R, record the error score and direction of

error as given to you by E.

Exercises for Home, Desk, and Lab (HDL)

(1) What were your average scores for

each condition? Why are you asked to find

the average rather than to choose one score?

What is your average when you disregard the

+ and - signs? What is your average when

you consider the + and - signs? Which is

more meaningful? Compare your averages with

others in the class.

(2) Write a conclusion concerning the

effects of the three different conditions on

depth perception according to the data taken

on you.

(3) Is there any pattern in your data

of + or - errors for any condition? Compare

your findings with others in the class.

6 4

(1) In measuring we will
have a range of values. This
range of error shows up in a
frequency distribution curve:

By averaging we should come
closer to the more probable
answer. It should be pointed
out to the student that it
would be possible, if + and
- signs are considered, to get
an average score of 0. This
would not be very meaningf4l
if one time he got 20 cm too
fhr, the next time 20 cm too
near.

(2) MOst students will
have a very small error with
motion parallax, a slightly
larger error with the bino-
cular and quite a large error
with the monocular condition.

(3) Often for any one
condition the errors will all
be in the same direction.
However, the next subject may
have his errors for the same
condition in the opposite
direction. This would seem
to point out individual
differences and limitations.
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36 Students who are in-
tereated and have the time
may do theae. They may think
of questione of their own that
they wou7.d like to inveetigate.

In mcJt of these casee
accept thk utudenee results
from Va experimente. Quee-

tion his degme of confidence
in hie rcnulte baeed on the
numbl?r of ::ests done and
number of people tested.

(1) It depends on the
condition of the eyes.

(2) Yes, you should.

(3) It would depend
on the type of correction
made by the glasses.

(4) Yea. There are many
examplea of people who have
lost an eye who have become
experts in jobs that require
good depth perception. They

learn; they adjust and
compensate and find new clues
with which to judge depth.

Questions for Further Study or Experimentation

(1) With the monocular condition you used

only one eye. Will you get the same approximate

results using the other eye?

(2) Will you have better scores on the

monocular condition ifyou are allowed to move

your head?

(3) Some of you wear prescription glasses.

Do you get better scores with or without your

glasses?

(4) A quarterback on a football team

would need to have good depth perception. Would

a person who had lost an eye ever be able to be-

come a good quarterback?

6 5



C.3 - RELIABILITY AND VALIDITY

You may wonder at this point if a good

score in depth perception in this experiment

will mean that you will be a good driver. Of

course the answer is no. There are too many

factors involved in driving a car to expect

that one thing would determine whether or not

you are a good driver. You might argue,

however, that depth perception would be an

ability you could have that would improve your

driving. You will indeed need to judge depth

while driving. But don't be misled. This

experiment is reliable but it is not valid

for all situations involving depth perception.

By reliable we mean that if the experiment is

repeated you will get the same scores as before.

This experiment is reliable. By valid we mean

that there is a useful relationship between

results of this experiment and some other re-

lated performance. This experiment is not

valid for measuring the ability for depth

perception in all situations.

A very similar experiment was used to

test airplane pilots. Jt was found that some

of those who did very poorly in the experi-

ment had very good depth perception as

pilots.

6 6

It may not be reliable
based on what has been done
in class, but thousands of
tests have been made.

37



38

Equipment and Materials

Black cardboard or
cardboard covemr with
black constne ion
paper, 180 cm x 25 cm
(thickness should be
al:nit 1 mm so that it
oan be bent into a
smooth semi-circle);
if necessary, tape two
or three smaller pieces
of cardboard together
fA9 get the required
Zength.

C clamps (optional)
Masking tape
3 ple,oes of black con-

r;truction paper about
14 x 6 cm

5r!a 11 r:quares (apout 14

sq. cm) of red, blue-
;Ireen, and yellow
(.0nfltruction paper.

!,1.indfolds, one for the
p;.ght eye, one for the
1,1t (optionaZ)

this experiment stu-
dont.. m of the
limit; .,ns of )isual per-
. This 7lso shows
..1m;.7rIties in visual
r,ro.-!ption (they will all
fi.nd yollow ea3ie8t to
f(Lontif) and d;I:erences
(11,7/ IdLll have Afferent

(a;,:ra(jc renponr:e positions).

Timy should see the need
to P.Ful the average or mean
re;:prlwe position and be able

So you may have a much better score than

your lab partner in this experiment, but while

driving, he may be able to judge the distance

to two approaching cars more accurately than

you.

C.4 - Experiment: PERIPHERAL VISION

How far can you see to the side if you

keep your eyes focused straight ahead? Can

some people see farther to the side

(peripheral vision) than others?

Does color have any effect on your

peripheral vision?

You will need three people in your lab

group. One student is the subject (S), one is

the experilenter (E), and one is the recorder

(R). After twelve trials change roles and re-

peat the procedure for twelve trials. Then

again change positions. Each of you will then

have performed each of the roles of S, E, and

R.

As S. you sit in a chair in front of the

equipment. Make a loose fist with your hand

and place it on the table in front of you. By

resting Jour chin on your fist, you keep your-

self as much as possible from moving your head.

If this is too uncomfortable, use books under

your fist. Also, the white X mark on the card-
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board and the colored dots on the movable

cards should be at eye level, so make adjust-

ments by using books.

Choose the eye you wish to use and cover

the other with your hand (or blindfold that

eye). Stare straight ahead at the white X

mark.

There will be a great tendency to move

your eyes. If you give in to this temptation,

you should inform E so that trial can be

disregarded. Your results will not be reliable

unless this is done.

As E,. you place one of the movable cards

over the cardboard on S's preferred side.

Hold it so that it is flat against the inside

of the cardboard. Place it at the farthest

lateral position (90) and move toward the

'center (0) until S identifies the color of the

dot, not the motion or the card. give

directions that S is not to guess but to report

only when he is certain he can identify the

color. When S identifies the color, report the

color and proper response position (actually

the number of cm from 0) to the recorder. Be

sure to read from the mark on the card each

time and not the edges of the card. Why?

Each of the three colors (red, blue-green,

and yellow) should be presented about four

68

to do the necessary maths- 39
matics involved,

So that they will have
some standard to compare to,
X should be found fbr the
whole ad288. A couple of
volunteers could do this. Do
not use individual averages
but all of the individual
scores.

A histogram or frequency
distribution curve could be
done by an interested student.

A 100 pair of sun glasses
with one lens removed and the
other covered with black paper
will do; they can, however,
just cover their eyes with
their hands.

Mark the cardboard off
in centimeters on the out-
side, starting with 0 at the
middle and going to 90 on
both sides. Make these marks
about 7 cm from the top of
the cardboard. Place the
cardboard on the table as
show:. in the diagram. Use
masking tape to hold it in
position by taping the out-
side of the cardboard to the
table. The C clamps may be
used but are not necessary
if enough tape is used.

25 c

Cla

Black cardboard

While chalk mark
Masking tape

Movable
card

90 cm.

cm.
markings

80 cm. 0 cm.

Top view
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The three movable cards

are made by folding the black
construction paper as shown
in this edge-on view:

About
7 cm.

In the middle of the
card on the straight edge
about 2 cm from the bottom,
use a hole punch to punch out
a mall circle. Paste the
colored paper behind this so
that a dot of color shows
ihrough. Slip this over the
cardboard semi-circle so that
the cnlored dot is in the
inside. The experimenter can
th(.n move it from the outside.

Alczke a chalk mark in the
middle of the card so that the
experimenter reads the re-
sponse position from the same
place each time.

Colored
A(

Paper

Hole

times. The order in which you present the

different colors should be randomly selected--

for example, red, red, yellow, blue-green,

yellow, etc. Why should the colors be pre-

sented randomly?

Also be sure that you give no clues to S

as to what the color might be. For example,

do not take a longer period of time, make a

different sound, or move in a different way

when changing colors. Move each color at

about the same speed.

6 9



As R, you are to record the data for S.

ror .xample:

Trial Color Response Position

1

2

3

4

5

6

7

3

9

TO

:1

1,,
.,_

_4

4

The color and response position is given to

you !,.y E.

7 0

Random selection of
colors by E is very important.
He should give no clues as to
what the color is going to be.
If E knows what is to be pre-
sented, he cannot be com-
pletely objective in his
judgment. He will usually
have a larger response
position. This can be demon-
strated by comparing the
average response position of
one of the colors when it
waa moved porn 90 to 0 (and
randomly selected) to the
average response position
moving it from 0 to 90 (ar
from 90 to 0 telling S which
color 1...t is). Lab groups
having the time and interest
could do this experiment,
collect the data, and present
it to the class.

Actual:y this is a good
tims to emphasise that in
any experiment variables
should not be introduced that
might ilterfere with the
variable (this time, color)
you are trying to test. This
variable you are testing is
called the experimental
factor. Each experiment
trial should be dore in the
t4ame way except for changing
the colors.
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(1) 71 .1x

(2) In measuring we will
have a range of values (this .

can be shown by a frequency
distribution curve):

RANGE

By averaging we should come
closer to the more probable
answer.

(3) Yellow shout give
the longest and red the short-
est response position for all.
Also they will notice motion
before being able to identiA
color. They will, however,
have different individual
response positions. We all
have limitations but these
vary slightly in indivi4duals.

:4) If you were to map
the eye, you would find
different color receptors in
different positions. The

receptors for yellow are most
widely distributed and found
farther to the aide. Red is
nearer the center. The
physical make-up of the eye,
therefore, determines our
similarities, differences, and
limitations.

Brightness is also a
factor, yellow usually being
brighter than red.

Exercises for Home, Desk, and Lab (HDL)

(1) What is your average response position

for each of the three colors?

(2) You had four response position

numbers for each color. Why were you asked

to give the average (also called the mean) in-

stead of the highest or lowest number?

(3) Compare your results with other mem-

bers of the class. What similarities do you

find? What differences?

(4) What is your explanation for seeing

one color before you can see the other colors?

7 1



Questions for.Further. Study and Experimentation

(1) As E, you were instructed to select

the colors randomly and to give no clues as to

what the color was to be. Would it make any

difference in the data if the subject knew

what color was to be presented? Check your

hypothesis by experimentation.

(2) If you use the other eye do you get

the same results?

(3) If you are allowed to move the eye,

will you get substantially better results?

(4) If you wear glasses, would this have

an effect on your results?

(5) White is a mixture of colors. What

results would you get in using white?

(6) Do you know of any animals that have

independent eyes? What does this mean?

There is evidence that this experiment is

reliable, but there is no evidence that it is

valid for the driving situation (refer to 1.12).

You may have received a very low average re-

sponse position as compared to others, but in

driving a car you might be just as quick or

qui,..ker than others to notice another car coming

up hesidu you or approaWng from a side street.

7 2

Students who have the
timv and interest could do
these. They may also have
questions of their own that
they would like to investigate.

(1) If the subject knows
what color is to be presented,
he cannot be completely objec-
tive in his judgment and will
very probably get larger
response positions.

(f) It depends on thc
eLd: co?,dition. Accept the
etudent's experimental re-
sults.

(3) Yes.

(4) Accept the student's
experimmtal results. It
might depend on the correction.
It is more likely that the
rims of the glasses will
interfere.

(5) Since white reflects
a mixture of al/ of th. colors,
white will be detected at
about the same position as
yellow.. Often it will be
seen ae yellow in that
position.

(6) Examples are Poun-
ders and chameleone. Their
eyes move independently.
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44 Equipment and Materials
(for two lab groups of three)

2 meter sticks
2 toy mechanical crickets

(one about 3 inches
Long by 1 3/4 inches
wide is a good size)

60 sheets of graph paper

In this experiment stu-
dents are to compare their
reaction times to a visual
stimulus to their reaction
times to an auditory stimulus.

Students should see the
need to find an average or
mean

Simaarities and dif-
fcrences among students as
well a3 limitations should
he apparent in these two
experiments.

The techniques of making
a histogram and frequency
distribution curve are intro-
duced here. These will be
covered in more detail later.

Make two Pieron sticks
hy taping a strip of cali-
brated paper to each of two
meter sticks. The paper is
oalibrated in hundredths2of
1,econds by using D = igT .

0 is the distance in cm;
g in the acceleration due to
jravity (980 cm/sec2); T i8
!I'm, in eeconds.

C.5 - Experiment: VISUAL REACTION TIME

You have done or will do several experi-

ments on visual perception. T .1, c;periment

will also involve auditory perr-.pthn. You

are to determine your reaction time to a visual

stimulus and compare it to your reaction time

to an auditory stimulus.

You will need three people in your lab

group. One student is the subject (S), one is

the experimenter (E), and one is the recorder

(R). After fifteen trials for the visual re-

action time, change roles and repeat the pro-

cedure for fifteen trials. Then again change

positions. Each of you will have then per-

formed each of the roles of S, E, and R.

Follow the same procedure for the auditory re-

action time experiment. It is suggested that

when you change roles, R becomes S, S becomes

E, and E becomes R. As E and S, you may become

tired and fatigue could affect your reaction

time.

Use the Pieron sticks, which are meter

sticks with calibrated strips of paper attached

to them. These strips of paper are calibrated

in hundredths of seconds. Can you explain how

this calibratioN 4as done?

7 3



Choose a smooth-surfaced wall where you

will have plenty of room to work. The edge of

a cabinet, a door casing, or an outside corner

may be easier to use.

E places the stick against the wall at a

height where the .00 mark is convenient for S.

E holds the stick to the wall by the pressure

of his thumb. He aligns the stick vertically

at each trial.

S places his thumb about 1 cm away from

the stick with the .00 mark in line with the

top of his thumb. He supports hfs hand against

the wall.

E should say HReady" about 1 to 4 seconds

before suddenly jerking back his thumb to

allow the stick to fall freely.

S watches E's thumb or the stick. When

he sees the thumb move or the sCck start to

fall, he applies pressure with his own thumb to

stop the fall of the stick.

7 4

Some students may know
this formula and be able to
figure out how the cali-
bration was done. If not,

explain it to them so they
can undel-Jtand how we arrive

at the time figures given on
the paper.

The falowing pattern
when put together will give
you the proper calibration.

Copy this onto a strip
of paper and scotch tape it
to the meter stick as shown
with the highest time at the
end of the stick.

CALIBRATED
STRIP OF.

PAPER

.29
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46 . 30

.29

.28

.27

.26

.25

.24

.23

.22

.21

.20

. 19

. 18

.17

. 16

. 15

.14

. 13

.12

. 10

.09

.08

.07

.06
.05

.00

The reaction time should
1,3 r-qd that is in line with
Ihc /-op of the thumb since S
;.tzr:4 .dith ihe .00 mark in
:Ilea position. The time
.-h'uld be read from the came
i-frcriee point each time.

The experimeY er shouZd

ozry the time between the
"r-ady" signal and recace

thc stick so C,a; tke
;.vbject cannot anticipate the
t;m0 of release.

FIG. C.1

E reads the reaction time that is nearest

in line with the top of S's thumb. Why should

the time be read from the top of the thumb?

E should vary randomly the nf

time between the "ready" signal etd tf,1 re-

lease of the stick. Why?

R records for S. Record the visu 1 re-

action time for each of fifte%

After each has recorded lir _en visual

reaction times, fine your auditory reaction

times.

i 5



C.6 - Experiment: AUDITORY REACTION TIME

The procedure is exactly the same except

the subject (S) ts now blindfolded. E holds

the stick against the wall with a toy mechanical

cricket. E must place S's thumb in the proper

place each time, or place the stick so S's

thumb is in the proper place with the top of

the thumb in line with the .00 mark. Again

the thumb should be about 1 cm from the stick.

E presses the stick against the wall with

Lhe cricket. He should press hard enough to

hold the stick with the cricket. That way the

crick:It clicks only once. E gives the "ready"

signal and in from 1 to 4 seconds jerks the

cricket away. This causes the second click

to saund from the cricket and allows the stick

to fall at the same time. E should practice

thi:, a few times to develop the technique

:,e'Dre testing S (hold the cricket with the

thum'o on top and on finger under the side).

As soon as S hears the click, he moves

his thumb to catch the stick.

E rPads the auditory reaction t-se and R

recorls it for S. Record the times for fif-

teen trials.

When you have completed the fifteen trials

for all three students for both the visual and

react!on times, take your own data and

7 6

Equipr,mt and Materials 47

Same as C.5, except add
blindfolds. These

could be made by oovcrr7ng
the eye holes of hdlioween
masks with black paper.

If more than o- group
is doing the auditoi'y reaction
time experiment, bn sure that
they are widely scoarated.
One group might Wrpc in an-
other room or the hall. The

blindfolded etude,. may not
be able to dist:ngit'sh the
click that is mennt for him
ftom that which iJ meant for
someone else.

If only riA., groups are

working on thiv, ore grou!:
could do the visuaZ
time part while the
group is doing the caecry.
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On a large piece of
papnv, pvepare a master
.'hcot for the class as
vh,b>n in this example:

compile it as shown in the following example:

VISUAL AUDITORY

Seconds Frequency Seconds Frequency

.04 T 0 .04 0

.05 0 .05 0

.06 0 .06 0

.07 0 .07 0

.08 1 .08 1

.09 0 .09 0

.10 0 .10 11

.11 11 .11 1

.12 1 .12 11

.13 1 .13 1111

.14 111 .14 11

.15 1111 .15 11

.16 11 .16 0

.17 0 .17 1

.18 1 .18

. . . .

. . . .

. . . .

. .

By frequency we mean the number of trials

in which you got a certain reaction time.

In the above example, for the visual, if

you caught the stick in .15 seconds on four

different trials, the frequency for .15

seconds is 4. If you caught the stick in .16

seconds two times, then the frequency for

that time is 2.

Also add your data to the master sheet

that the teacher has prepared for the class.

Add the proper number of marks (frequency) to

each time column. Put these marks about equal

distances apart.
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Via.

Reac.

Time
hseq.

Aud.

Reac.
Time

Fivq.

.04 I .04 Iii

.06 i .06 hi

.06 u .06 hia

.07 01 .07 iiiiu

.08 hi .08

.09 mil, .09

.10 um" .10

.11 .11

.12 .12

.13 .13
,

.14 .14

.15 .15

.16 .16

.17 .17
etc. etc. etc, etc.

As students finish, have
them add their data to this
chart. The center times may
have 50-100 marks. Allow
plenty of room. Rave them
place the proper number of
lines (frequency) to each
time column for both the
visual and auditory reaction
times. Ask them to put the
marks about equal distances
apart.

When they have finished,
you will have a histogram.
It should show the distri-
bution quite clearly.

Have volunteer students
make graphs, one a histogram,
the other a frequency distri-
bution curve of the whole
class.

Also have a student find
the average or mean fbr the
class from this information.

These can be used for
reference, comparison, and
discussion later.



.05 .10 .15 AM
TIAIE IN SECONDS

Students' graphs should
come out something like the
example above.

With only f.ifteen trials,
however, the distribution may
not be this good. They may
only be able to see a good
distribution when the scores
of the whole class are
graphed.

Also the curves, indivi-
dual and class, may be skewed
to the left. They usually
will get higher reaction times
in the beginning but practice
will improve their scores.
Then again, higher scores
might appear as they become
fatigued near the end of the'
set of trials. With only
fifteen trials, fatigue may
not be such a factor.

In a distribution curve
each time is graphed even if
the frequency is 0. The curve
chould not be rounded. In a
hintogram the ce.nter of the
bar in placed at thp proper
lime like this:

Graph your results for both visual and

auditory reaction times. Label the X axis

time in seconds, the Y axis, frequency. In

graphing your data you will get what is called

a frequency distribution curve. You may make

two graphs on one sheet of graph paper, within

the same area, by using a different color for

each curve.

7 9



The experiments on reaction times are both

reliable and valid. If your reaction time was

faster than average in the experiment, it is

very probable--if there is nothing to affect

your reaction time--that you will react faster

than average in other situations. While

driving, if an emergency arises, you probably

will be able to hit the brake faster than the

average driver. Again, this will not make you

a good driver. There are too many other factors

to consider, but the point to be made here is

that these experiments on reaction times are

valid. There is a useful relationship between

the results of the experiment and some related

performance.

Exercises for Home, Desk, and Lab (HDL)

(1) Compare your graph for the auditory

reaction time to the one for the visual re-

action time.

a. Are the shapes of the curves similar?

b. Do they peak near the center?

c. A..e they somewhat symmetrical?

d. How does the range (the amount of

spread of values) of one differ from

8 0

In this experiment stu- 51

dents will find that they re-
aqt more quickly to an
auditory stimulus than to a
visual stimulus. They may
find this quite surprising.
No questions have been asked
of them as to why this is
true so that results of the
experiment would not be
revealed. However, after
they have all finished the
experiments, some discussion
as to why they got a faster
audi'ory reaction time seems
appropriate.

Sinci the two experi-
ments were done the same way
(except for the experimental
factor) and since light
travels faster than sound,
the answer would seem to lie
in the biological difference
between the eye and the ear.

We should not try to
gi,,e a simple answer to a
very complex question. In

fact, the full answer is not
known. There is obviously
a longer transmission time
for the eye, but what part
of the eye or neural system
causes this lag in time ia
not known.

(1) Individual grapha
will differ but it is expected
that the shapes will be
similar, will peak near the
center and will be somewhat
symmetrical. Again, with
such a small number of trials,
this may not be evident until
the graph for the class ,E;
completed.

The range for the visual
will probably be greater than
that for the auditory reaction
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time. Most students
will get a better
reaction time for the

auditory stimulus.

(2) The shape of the
graphs should be similar.
The ranges and individual
scores may differ slightly
but there should be a simi-
lar general pattern.

(3) Students may want
to report the average.

= z

Since there is a range
of values (which shows up in
the distribution curve),
the average should come
clo6cr to giving the most
proble answer. However,
range Is also important
since it indicates the limits
within which you perform.
The range gives important
informationfor example,
two people may have the
same average, but one a
much larger range. This
would show the one to be
more erratic in behavior.

(4) Students should
recognize similarities and
differences here. The audi-

tory reaction time scores
should be smaller than the
visual for all students.
There will be different
mean scores, but the dif-
ferences will probably not
be too great.

the other?

e. In which case would you think you

would get a shorter reaction time?

(2) Compare your graphs with the graphs

from the other members of the class and with

the graphs from the entire class. What simi-

larities and differences do you see?

(3)
a. What was your shortest reaction time

for each stimulus?

b. What was your longest time for each

stimulus?

C. What was your average reaction time

for each stimulus?

d. Which ones should you report as your

reaction times? Why?

(4) Are your mean or average scores the

same for both the auditory reaction times and

the visual reaction times? Check your results

with others in the class.

a. Is the difference between your two

scores (auditory and visual) about

as great as that found by othels in

the'class?

b. Are both your scores above the class



mean? below? one above and one

below?

(5) Do you believe that one can, on the

average, react faster when receiving a signal

from one sense than he can if he receives a

signal from another sense?

a. What evidence do you have to support

your belief?

b. What degree of confidence do you place

on your evidence?

(6) What external factors might cause

the reaction time scores to fluctuate? To

what extent are these fluctuations predictable?

Can you think of any ways to reduce the

fluctuation?

(7) What are some internal factors that

may affect your reaction time?

8 2

(5) This experiment
should demonstrate that we
do react more quickly to an
auditory stimulus than a
visual stimulus. The evi-
dence the student shoutd
have is the data collected
in class. He should place
confidence in this evidence
only if a large number of
people are tested and the
same results are obtained
in enough of these cases to
justify the conclusion.

(6) Some things that
may cause the scores to
fluctuate might be (a) atten-
tion may be diverted or
someone watching may make
you nervous, and (b) human
errors in experimentation
such as not dropping the
stick correctly or allowing
the students to anticipate
the release of the stick by
dropping it after the same
interval of time from the
"ready" signal for several
trials. These fluctuations
are somewhat predictable
and can be reduced by care-
ful experimentation. But
there are, no doubt, some
factors that are unpredict-
able and that we know
nothing about.

(7) Some factors that
may affect reaction time are
Zearning, fatigue, drugs,
alcohol, lack of sZeep,
nervousness, age.

Some students may want
to compare the girls' scores
with those of the boys. Or

they may want to experi-

53
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ment to see if age seems
to affect reaction times.
Those who are interested
and have time may experi-
ment Arther.

After completing the
set offive experiments on
the senses, use of the
microscope may be intro-
duced. Conceptually, work
with the microscope fits
the set of sensory experi-
ments, but because of the
detailed instruction required
by tir teaohea., the micro-
scope work is set aside as
a deparate experiment. An
introduction to the use of
the microscope like that
given in the BSCS Green
Versi06 Exercise 1., "Use
of the Microscope" (sections
A through I), seems ideal
at this time.

If the teacher uses
the microprojector, so
that C.? is a demonstra-
tion, there is no need
to Introduce microscopes
at this time.

When the students have
completed BSCS Green Version
Exercise 1.4, the experi-
ment "Paramecia and Their
Speed" will demonstrate a
microscopic "illusion."
The paramecia appear to
move very rapidly across
the microscope field, bt
an actual measurement of
their speed will show this
"illusion" is due to scaL.ing.

The paramecia actually travel
a very short dlstance.

hoto: this ma!y be done as

a dem n:;.tration

usir micro-

From materials you have already studied,

you have seen that your senses are subject

to a sen3itivity threshold, a time threshold,

and illusions. You have also seen that various

instruments or tools may help tc overcome

sensory limitations. Yet, even those instru-

ments that are most used to extend the senses

have limitations and lead to special illusions.

We will illustrate these limitations and

illusions using a microscope as a convenient

sensory extender.

r / ' '1(

C.7 - Experiment: PARAMECIA AND THEIR SPEED

Using a medicine dropper, remove a small

amount of liquid containing paramecia. Place

one drop at the center of a clean glass slide

and add a cover slip. Focus with low power

and adjust to obtain good contrast. Move the

slide around on the stage so that all areas

under the cover slip are examined. Notice

the movement of the organisms. When seen

under high power, do the organisms appear to

83.



move more rapidly or more slowly than when seen

under low power? Guess how rapidly the

organisms are moving. Knowing the diameter of

-the circular field of view and approximately

how long it takes a paramecium to cross that

field, what is the speed of the paramecium?

Contrast this speed with your speed of normal

..,alking by expressing both values in the same

4ts.

C.P.- Demonstration: SIZE AND WEIGHT

In this demonstration volunteers will be

asked i judge relative weights and to make

estimates of actual 'weights.

8 4

projector rather than
as an activity of the
entire class.

It is possible to grow
your own culture of paramecia,
but it is probably much
easier to purchaae them from
Carolina Biological Supply,
called 'amen Laboratories,
in Gladstone, Oregon. Powell
Laboratoriee also sells a
mixed bacterial culture which
might be of interest because
of the variety of sixes,
shapes, and speeds. If you
fec l. that there will be a
shortage of organisms for
your class, you might place
a single drop of culture
upon the student slides
rather than have them do it.

The purpose of this
experiment is to demonstrate
the size-weight illusion and
to show the need for extend-
ing our senses in term of
measuring weight (mass).
Thio will introduce the study
of the equal-arm balance.

Poke holes in opposite
sides of the cars near the
top and attach the wire to
make handles. The handles
shculd be exactly the same
on each can.

Add weights to two
experimental cans until they
are both exactly the same
weight (300 grams or more:.
One can should be large,
such as a 2 or 3 lb. coffee
can and one should be small,
such as a small vegetihle or
frozen juice can.

Since in the experiment
on size illusions the Zengths
of the lines and diameters
of the circles were all

55
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fqual, students might suspect
that this will be true again
and that the weights will be
equal. It is suggested that
you use, as a control, two
cther cans of different sizes
and obviously different
weights. For example, a 1 lb.
coffee can with 350 grams of
weight and a vegetable or
fruit can with 50 grams of
weight could be used. In

the discussion the results
and figures given for these
may be disregarded, but the
reason for using the control
should be explained.

Ask four or five students
to judje the relative weights
of the cans (both the two
control cans and the two ex-
perimental cans). They are
to dccide which of the two
canw is heavier and about
how many times heavier.
Also have them make estimates
of the actual weights of each.
In case the results do not
show the size-weight illusion
consistently, the estimates
of weight will probably vary
a great deal which will
still demonstrate the need
for a balance.

Be sure to give the
following instructions to
the students before they
star.:

(2) Lift two cans at
a time (the too controls or
the too experimental cans).

(2) Lift them the
cam way by hcoking one
finger under the wire.

(3) Watch the cans
closely and do not allow
them to swing. (Swnging
the cans gives other clues.)
Raving them do this also
keeps them looking at the

8 5



cans whi.ch is important in
getting the sise-weight
illusion.

(4) Answer the follow-
ing questions:

(a) Which can is
heavier?

(b) Row many times
heavier (express as a ratio)?

(c) krout how much does
cc,h can weigh?

(5) Write ycur deci-
cicns on a piece of paper.
ro not make the answers
:er,7wn until al/ of the four
cr five students have made
a ;'udgment so that one Btu-
deit's 'eciaion wi/l not be
injluer.ed hy another.

bepre making the deal-
aina ;.:owr., collect come
lata t(' try to answer the
etttdent queations.

Exo-jses for Home, Desk, and Lab CHDL)

(1) a. Do you think being able to
Repeat the experiment

SEC the cans will help or hinder exerpt this t.,:me

tke four or fire

th2 students in making their erodent3.

judgments of weight?

b. Pow would you test your

hypothesis?

(2) Do yo think the students would make

')!ttqr judgmnts if they had a known weight

4it'l which to in.Apare the unknown ones?

8 6

d:goin repeat the experi-
me%,.t with four or five stu-
dents, but this time allow
them to use a known weight
az a comparison.

After al/ of the data
are collected, put it (rn

57



58 board in some systematic
form. Por example:

Group 1

Group 2

Group 3

TA FOR 2 EXPERIMENTAL CANS
! Times *Actual Estimates (grams)

Student Heavier 1 ,Hgavier SMall Can Large Can

1 She/ 14 x
2 Shia/ 2 x
3 SMall Slightly
4 Neither Same

Blind-
fblded
Student

1 Small
2 Large
3

4

Student
Using
Compar-
ison

1

2

3

4
,

8 7

*Sinc moct students
will give estimates in
pounds anc.: ounces, convert
these to grams (454 g = 1 lb).

Place the cans on the
platform balance to prove
to the students that they
are equal in weight. Give
the actual weight.



(3) Examine the data on the board. Are

there any conclusions you can draw from these

a. In the first trial did the volun-

teers consistently judge one of the

cans heavier than the other?

b. If So, how might ycu account for this?

c. In the second and third trials, did

the volunteers conststently judge on::

ran i.eavier than the other?

J. iry to explain any similarities and

differences in the judgments of the

three as to which can was heavier.

e. Is there any consistency in the judg-

ments as to how much heavier or in

the actual estimates of weight?

f. jid ,le groui; definitely make better

8 8

Equipment and Materials

2 cans, one a large can
such as a 3 lb.coffee
can, the other a small
one such as a frozen
fruit juice or small
vegetable can
cans, any si:ea (to be
used as the control)

4 pieces of wire about 30
cm long (for handles)

OCO g (about) of weights
to weight ealh can

Single beam platform
ta/orie

Blind:( 'Halloween masks
with tmi eye holes
ccverea black paper)

(1-3) f i. xpected '-
that the fol?..win, -onclu-
sions czzn be cec.7...n from thc

data:
(,) In tho fiost'tri21

rt,,:ents wi:l dud:re thc

rz/h..2, one to bt, hcavier.
:info is the siz2-wpight
iF:43icn3 which ,seeme 1:so

r,rult from our experienoc
with (If not knowledge op
r...r.:;ity. A person, al'-hons7
tiv-d to :!uege weight,
tr takc density .lntc deco:int

ez,; 7he density if Lh:
m%c7: greater.

Eecause of the sl.ze-
veLht illusion, the blind-
f'..:de.-1 students should de

b ..ter in their judgments _;_f*

wkich is heavier. 2his ijli
n.:,t necessarily be true sr,'

4-h4 third althoua;.

illusion will

(c) The estimats of
muN:y times heavier" .zed

T.te actual estimates of
Frobahly var ? a

gn-at deal. Protabi:, nc

7:7.-ttorn will be ,ipparnt.

jrour thr3e
n,L,;h bett3r on the nctul,

5q
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estimates of weights. Our

senses are much more accu-
rate when we are aZZowed
to make comparisons.

(4) If the students
reach the conclusions that
are Zisted here, they couZd
flnd support for them in psy-
chology books. But they
should be reminded that psy-
chologists have done thousands
of experiments to support
their conclusions. Here we
have a very small sampling,
not really enough to draw
conclusions with any great
degree of confidence.

Some errors may have
been introduced. For ex-

ample, some people, through
experience, can make better
judjments of weight. In
using different students, i.
is possible that one group
had more stuaents capable
of judging the weights more
accurately.

Students may think of
other errors that could have
been introduced.

(5) The idea of weight
and mass can be introduced.
vase is constant but weight
is not. It depends on the
pu/l of gravity which varies
from place to pZace. For

example, the cans would
,oiqh more in Portland than

ti% would if you were on
top of/Yount Hood. Because
of the d-..fference in ele-
vatiJn, Portland is nearer
the center of gravity so
the pull of gravity against
the cans would be greater.
On the moon the cans would
weigh much Zess. (It should
be pointed out that if you
use an equal-arm balance,
there would be no difference

judgments than the other groups?

If so, try to explain why.

(4) What degree of confidence lo you have

in the conclusions you made?

a. What factors can you think of that

might have caused you to draw a faulty

conclusion?

(5) Are the weights of the c.,ls constant?

That is, wuld they weigh the .,,me n matter

where you are?

8 9



(6) How accurate mere the estimates of

actual weight? Is there a need here to use a

tool to extend our sensPs? What would he used?

Questions for Further Study and Experimentation

(1) Students were asked to lift the

cans by hooking one finger under the handles.

Was this really important? Lift the two cans

by placing them on the palms of the hand. Lift

them with one finger under the handles. How

9 0

since the standard Weights
would be equally affected.)

(6) It is hoped that
students will see a need to
use a balance to extend their
senses.

At thia point, introduce
the metric unit of fbrce, the
newton. A newton is an ex-
pression of Kg m/sec2 as you
ean see when you use the
formula, F = mg. F is a
fbrce (newton), m is a mass
in Kg and g is meters/sec2
(9.8).

It is not necessary to
give a lengt4 explanation
of the fbrmula to students,
but since scientists would
estimate 'rheft" in terms of
newtons, have them get the
feel of the amount of pull
of a newton (they have esti-
mated in grams and pounds).

If you have a newton
spring scale, hang a Kg mass
on it to show the relation-
ship. (II you don't have the
newton spring scale, calibrate
a regular spring scale.)
Then have students estimate
the number of newtons in the
cans.

(1) If the student
lifts the cans with the ralms
of his hunds, he will find
that tho smaller can swmo
to be much heavier thin
larjer ac compared to lift-
ing them with the fingers.
This is Z,ecause of tit,'

weijht distribution. To

eliminate this factor, he
could place equal size
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boards und,r the cans.

(2) Students could ex-
periment to Gee if their judg-
ments zre better when allowed
to swing the cans. Their
estimates should be better;
they get some additional
kinesthetic clues.

Fquilment and Materials

sow bugs
pan or tray for each group
paper towelling
cl(sk lamp for each group
c()lored cellophaneseveral

colors
cardboard

A good resource would be
"Amateur Scientist", Scienti-
fic Amcrican (May, 1967).
Thc teacher may wish to have
diffqrent groups of students
doing different sections of
this exercise an':' reporting

back'to the enttre class.
Thi-7 an excellent exercise
fbr writing reports.

The little isopods called
coo tugs or pill bugs, so
c(mm.'n under boards and in
moint litter, lre organisms
which respond demonstrably
to t4eir environment. They

'ar ,41,:ap to maintain, re-
lulr, little attention, and

,zr . not odorous.

gathering biological
)ne aort which seems

lo I rair1y interpretable
-;41 ,,ither-or type. In

(.1ve zn organism does
or it does not.

do you account for the difference? If you had

no handles for the cans and had to lift them

with the palms of the hand, what should you dn?

(2) Would you be able .o make better

judgments of relative weignts if yPu were

allowed to swing the cans back and forth?

O. Experiment: RESPONSES OF SOW BUGS

We have been studying human observation

and its limitations. How do other organisms

respond to external stimuli?

Sow bugs are crustaceans. They are one of

the few branches of the family tree which now

live on land. Like other crustaceans, they are

gill breathers and require a fairly high level

of moisture in the environment (air) to survive.

Into a large pan or enamel tray place a

piece of paper towel whirt is moist. In some

other part of the pan or trad, place a piece of

paper towel which is not moist. T'e pieces

should be some distance apart. Maze the sow

bugs allotted to you between the pieces of

towel, and at approximately 30-second intervals

record t' , number of sow bugs on the tray, the

dry towel, and the wet towel.

Can the sow bugs find water? Must they

touch it to know it is there?

9 1



Set up a large tray with a desk lamp over

it. Place the allotted sow bugs in the center

of the tray and map their movements over the

surface of the tray.

Describe their placement on the tray at

the end of 3 minutes. Ore they randomly

distributed, bunched or other?)

Place ene transparent and one opaque

shelter (ea:PI 2" x 2" x 1/2") in the tray.

let ths floor of the shelter be the preferred

type (plain pan, dry towel, moist towel). Put

the sow bugs on the tray between the two shel-

ters and record their positions as in the

earlier phase of this experiment.

Can the sow bugs detect light? What is

their response to light? How would you pro-

ceed to find out which color of light the sow

bugs can see and which ones they cannot?

Discuss an experiment to test for re-

sponses to temperature. Do you think that

temperature was an uncontrolled factor in the

part of the experiment that tested their light

responses? Explain. Describe the habitat you

would expect sow bugs to favor.

9 2

The culture may be main- 63

tained in a coffee oan with
some litter (dry leavro, soil,
etc.); enough water to makr
it oiightly moist (not wet
enough to be able to squeeze
water out of it like a sponge);
and a little food (a slice of
potato, apple, or carrot).
Poke a few small holes in the
lid of the coffee can for
ventilation. If there is
not enough moisture, the sow
bugs will die in a few hours.
Most school rooms are rela-
tively ,ry, and this may
present a problem.

There is a good oppor-
tunity to expand the exer-
cise using other inverte-
brates and/or a battery of
other possible stimuli.

If the students do nct
think of it, the teacher may
suggest the use of differentli,
colored cellophane shelters.

Yes, the desk lamp
gave off a great deal of heat.

Cool, moist, and dark.
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TEXT

SECTION

ROUGH

TIME

ESTI-

MATES

EXPERIMENTS DEMONSTRATIONS TEACHING AIDS OTHER STUDENT

ACTIVITIES

OUTSIDE READING PROBLEMS

pages \
(71-93/

Portland Project

II-A

Measuring and

counttng

8

Days
,

1

A.1 Systems and

units of

countig

2

7,175A.2 Distance

mass and time

A,3 The

scalene

triangle

174 Uncertain-

ty associated

with measure-

ment

.

6,7

A.4.a Uncer-

tainty aSso-

ciated with

instruments ______________
i4-.1 Human

uncertainty

A.4.c Un-

certainty due

to changes

within the

_system

A.5 Range of

uncertainty

8, 9

A.6 Place of

the uncertain-

ly

10. 11

A.7 Rounding

off to the

correct place

12

A.8 Propaga-

tion of errors
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ROUGh

TIME

ESTI-

MATES

EXPERIMENTS DEMONSTRATIONS TEACHIL AIDS OTHER STUDENT

ACTIVITIES

OUTSIDE READING PROBLEMS

lificant

13

iding

:ant

lb-

J

:ant

Ilti-

Ind

] sig-

t
.

ienti-

ation 14, 17

A to

lene

e

Dm events 3

Days

B.1 Mass

of sow

bugs

B.2 Coin

flipping

Film -

"Random

Events"

(PSSC)

aniza- C.1 Classi-

fication

and organi-

zation

,4

C.2 Classi-

fication of

leives

.
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TEXT ' ROUGH EXPERIMENTS
1-

DEMONSTRATIONS I TEACHING AIDS I OTHER STUDENT

SECTION TIME
ACTIVITIES

ESTI-

MATES,

D. Classifica-

tion and or.

,ganilation

--+

OUTSIDE READING PROBLEMS

(pages

99-156)

0.1 Visual

observation

Collection

of identified

metals

0.2 Prelude

to density

On

0.2.a Volume D.2,b Vol.

ume of a

solid

0.2.c Mass 5

Days

0.3 Density

,

0.2.d Mass

D13.a Density

by graph-

ical method

Filmloop

"Weighing

with the

triple beam

balance"

3, 8

H.01. 4,5,

13

A

A

1, 2, 6

7, 9, 10

11, 12



tEXT

s:cT

D.4 ').t,hrlr

physical

properties

D.4,a Freezing

and r.flting

UUG' 'NERIMENTS DEMONSTRATIONS

Tirr=

ESTI. ,

MATE]

4

Days

TEACHING AIDS OTHER STUDENT

ACTIVITIES

OUTSIDE READING PROBLEMS

0.4.b Behav-

ior of

solids on

warming

0.4.c

hazing

and melt-

ing curves
14, 15

D.4.d

Micromelt-

ing point

0,4.e Boil-

ing point

determina-

tion

(optional)

0.5 Solubili-

ty

99
01

1 00



RCM EXPERIMEN5 bEMSTRATIONS

SEOTION TIME

ESTI-

MATES

0,5,a Classi-

fication by

solubility

TEACHING AIDS OTHER STUDENT

ACTIVITIES

OUTSIDE,READING PROBLEMS

22

D.5,b Temp-

erature ver-

sus solu-

bility

D,5,c Effect

of tempera-

ture on sol-

ubility

(optional)

18, 19

5

Days

4

0,51(1 Effect

of tempera-

ture

(optional)

0.6 Flame

test for

classifi-

cation

19,20

D.6.a Anal-

ysis of

colors

21
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1TEXT

!SECTION

ROUGH

TIME

ESTI-

MATES

EXPERIMENTS DEMONSTRATIONS TEACHING AIDS OTHER STUDENT OUTSIDE READING

ACTIVITIES

PROBLEMS

0.7 Organizing

and retrieving

data

0.7.a Building

a punch card memory

memory

3

Oays

0.7.b Pre-

paring a

deck of

cards

0.7.c Iden-

tifying un-

known com-

pounds

10. 11,

12

1.03
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TEXT ROUGH EXPERINENTS DEMONSTRATIONS

SECTION TIME

ESTI-

MATES

'4

E. Communication'

}

1

TEACHING AIDS OTHER STUDENT

ACTIVITIES

OUTSIDE READING PROBLEMS

E.1 Oral

communica-

tion chain

1 3 E.2

: Days Communi-

cating

ideas

E.3 Observing ;

a system as a !

scientist

105

E.4 Test:

The sow bug
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Chapter II: MEASUREMENT, DISTRIBUTION,
ORGANIZATION AND COMMUNICATION

A. MEASURING AND COUNTING

We have stressed the use of instruments

as aids in extending our senses, but is there

a limit to our sensory aids just as there are

limits to our senses? As we might expect,

every measurement does indeed have sone

uncertainty.

To begin a study of the nature of mea-

surement, a problem should be proposed that

requires some kind of measurement for its

solution.

Which of the shaded areas on the next

page has more area? Even more specifically,

what is the ratio of area B to area A?

A quantitative answer is needed. You

should be able to say something like, "I think

the ratio of B to A is 1.5/1.0. What ratio

did you get? What method did you use?
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jure A.2 -
:f want to find

,!rea ',,,ezing a piece
-r :nown area,

:3;:az1,2d

Witi thir,

One method that can be used is called

square counting. Lay a piece of graph paper

on top of the shaded figures and trace their

outline. (We want the shaded area only.) Now

count the squares within each. In this way we

can find each of the areas. To get the ratio

of area B to area A, divide the area of B by

the area of A. Try it.

On graph paper with squares 1/10 of an

inch on a side, there are 592 squares in A and

666 squares in B. This means the ratio of

B/A is 1.13/1.00.

Now let's examine what we have done. We

chose a certain sized square and counted how

many fit into the odd-shaped areas. This leads

to a very important principle: all measurement

is cOunting. In measuring anything, we choose

a basic unit and as ho. T,any of the basic

units will fit into object being measured.

A.1 - SYSTEMS AND UNITS OF COUNTING

Suppose we had used a kind of graph paper

which had larger squares. What difference

would this have made? We could have found a

lower count for both A and B, but they would

have been lower by the same factor. For

example, if the squares had been twice the

area, the count for both A and B would have
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been one-half the original count. The actual

ratio of the areas would be the same no matter

what size squares were used. However, dif-

ferent ratios may appear in instances where

the squares differ in size, especially if some

people count squares which are partially

filled while others count only those completely

filled. We could have employed a different

system of measurement with a different basic

unit, but our conclusion would remain unchanged.

Unfortunately, several systems of measurement

such as the metric system and the English

system are in use today. This makes the job

of understanding the universe a bit more com-

plicated than it might otherwise be.

A.2 - DISTANCE, MASS, AND TIME

Although man has made many sophisticated

measuring instruments, he is still basically

able to make only three measurements. These

measurements are:

(1) measurements of distance [1..),

(2) measurements of mass [M], and

(3) measurements of time [T]

All other measurements are combinations of

these three.

For'example, the measurement of area that

we just described is a combination of measure-

ments. Area is length multiplied by length,
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Perhaps students
enjoy Looking for other
"historical" systems of
measurement.

If time is availabl-,
they Pn'ght create their
:-Jctem.

I.. computer ueage,
num?..ere ending in .5 are

rounded to the closest even
num'cr.

Y.1, #3, 4 and 5 yo
o'ction.
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dnnt at this time.
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therefore expressed as L2. In fact, area is

always some factor multiplied by length times

length. The area of a triangle is equal to

the factor "1/2" multiplied by length (the

base) multiplied by length (the height), or, in

equation form, 1/2b x h. What is the factor in

the equatien for finding the area of a circle?

If we analyze the arrangement of these

three basic measurements, we say we are doing

a dimensional analysis. For instance, you

have found that the dimensions of area are L2.

What are the dimensions of volume? As you

know, the room you are in has three measure-

ments. They are height, length, and width.

But all of these are really one dimension

distance.

The analysis of dimensions can be a power-

ful tool in problem solving. If you are trying

to determine volume and your answer does not

have the dimensions of volume, L3, your answer

is obviously wrong.

In the metric system, the basic units are

seconds for time, meters fur distance, and

kilograms for mass. 7his system is often

referred to as the MKS system.

A.3 - Experiment: THE SCALENE TRIANGLE

Carefuliy trace ()round the aluminum

triangle given your group by the teacher.

1 1 1

The factor is "1r ".

The dimensions of volume
are L.

Equ:pmtmt and !fateria!

; t-r 3 aluminum (cr
-d material) pattema of
a scalene triangle - all

alike.
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Figure A.3

To avoid confusion, be
certain'to use a triangle
whdse altitudes al/ fall
within the triangle as
in the sample above.

An easy way to construct
altitudes on their tracings
of the scalene triangle is
by sliding a sheet of paper
(anything with a right angle)
along each base until its
perpendicular bisects the
opposing apex.

The student probably will
not get the same ansoer be-
cause he is not careful about

hic me(lauring technique and
will give his answer to a
ridiculoua number of siynip-
cant figures.

It is called a scalene triangle because it has

three different bases and heights. Label the

three points of your drawing A, B, and C and

consider the heights to be ha, hb, and hc, as

in the adjoining figure. Calculate the area

C of the tracing using base AB and hc. Make

your distance measurements and give your

answers using the basic units of the MKS

system. Calculate the area of the triangle

using the base AC and the height hb. Finally

calculate the area of the triangle using

base BC and ha. Did you get the same answer

all three times? Why? Perhaps the trouble .

lies in the way you made your measurements.

Keep your data and tracing for the scalene

triangle for later; you will want to refer

to it.

A.4 - UNCERTAINTY ASSOCIATED WITH
MEASUREMENT

You have made rriany measurements while

doing the exercises and experiments associated

with this course. After working with the

scalene triangle, you very likely realized as

you did in section I.4a that there was some

uncertainty associated with every measurement

you made. You have discovered one of the

major problems all scientists have: no

measurement is exact. There is some
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uncertainty associated with every measurement.

It follows that science is, to some extent,

uncertain. rt is the eXtent of this un-

certainty that is of interest to us now.

A.4.a - UNCERTAINTY ASSOCIATED WITH INSTRUMENTS

We can begin our search to find out why

our answers for the area of the scalene triangle

varied by analyzing a linear measurement.

Imagine that a professional scientist is inter-

ested in determining the area of a scalene

triangle similar to the one we worked with.

The picture below is a representation of what

the scientist sees as he measures the base

of his triangle:

fr r r
13 14 15 16 17 18 19 20 21 22 23 24

0.2 cm. at 20° C

Figure A.4

Notice that the rule is marked plus or minus

0.2 cm when the temperature is 20°C. This

means the rule may be longer or shorter than

113

HDL #6 and 7 go with
this section. You may want
to assign "parts" of 6 and
7 as the student proceeds
from here to the section,
"Range of Uncertaint,.."
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4Tury.!iy of "like" .:J7-

rumentil will 7Vc a range
,C ,q)iation. manu-

.

factNrerg' catalogues often
tolcrance.l.

we think it is. Any reading my he 0.2 cm

longer or it may be 0.2 am shorter. The manu-

facturer of the rule guarantees the rule is

never off more than 0.2 cm in either direction

if the temperature is 200 C. Here then is a

clear indication of one of the major sources

of uncertainty -- instrumental error. Every

instrument has some error associated with it.

Unless the instrument'is quite expensive, it

usually does not have the plus or minus (t)

engraved on it. Some of the typical uncertain-

ties associated with instruments found in most

science laboratories are listed in the

following table:

Instrument Typical Uncertainty

Triple-beam centigram balance t 0.01 g

50 ml graduated cylinder 4' 0.2 ml

Platform balance t 0.5 g

50 ml gas measuring tube t 0.02 ml

50 ml buret t 0.02 ml

In some cases if you cannot find the un-

certainty of the instrument you wish to use,

you will have to make an intelligent guess.

Your teacher may be able to help you make this

guess.

A.4.b. - HUMAN UNCERTAINTY

If the scientist knows how to read his

rule, he will begin by mentally dividing the



smallest marked division into tenths. This

means he will read thts particular rule (FIG.

A.4) to the nearest 0.1 cm although it is mark-

ed to the nearest centimeter. Keeping alert

to anything that might deceive his senses, the

scientist makes his reading. He reads the

length of the object as 20.3 cm. He would not

stop there, however, because he is not

finished with the measurement. He would say

to himself, "I may be off as much as 0.1 cm

in my reading because I mentally divided the

smallest di,ision on my rule into tenths.

Therefore, my human uncertainty may be as

much ast0.1 cm." This type of uncertainty

associated with measurement is called human

error.

A.4.c - UNCERTAINTY DUE TO CHANGES WITHIN THE
SYSTEM

Can you think of any way the triangle

might be changed beciuse of the measurement?

Perhaps the scientist holds the aluminum

triangle in his hand and, as the result of a

heat hxchange, the tri3ngle changes size.

r:hrh;jps tne rule is much warmer than the

nhject; as a result of contact, the object

changes. In this particular measurement the

error due to e change within the system would

bc very small-so small, in fact, that the
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The Heisenberg Uncertain-

ty principle becomes important
when objects are very small
and energies are very great.
For example, to determine
the size of an electron, one
might try to bombard electrons
with photons of proper wave-
Zength. Very small wave-
Zengths mean very high energy
photons. The result would
be analogouc to trying to
get a picture of a small
sports car by bouncing a
Zarge truck off of it. Many
attempts at measurements on
Z.Zving systems are subject
to this type of error.
Polygraph tests are another
cx,.zrple. The use of the
Poty.rraph on the subject may
.xe:tc him as much as any
iwir:qinating question.

PX, #8 and 9 go with
.!oction.

404111p,

scientist would say it was negligible. He

would assign t 0.0 cm for this error.

You might think this category of error is

not a major category and should itself be

neglected. If we make measurements of ordinary

objects, this category usually can be neglected.

There are systems, however, where the process

of measurement disturbs the system suffi-

ciently to cause s4zable errors in measurement.

A.5 - RANGE OF UNCERTAINTY

The three categories of error, then, are

human error, instrumental error, and error

due to change within the system. In the ex-

ample used, the scientist assigned a ± 0.1 cm

uncertainty as his human error. He assigned a

4_ 0.2 cm for the instrumental error and a t 0.0

cm for the error due to change within the

system. The scientist's reading was 20.3 cm.

What final uncertainty should he assign to

his reading? Before we can answer this ques-

tion, we must think about the maximum amount

the reading may be off. It is obvious that

the scientist must add the human error, the

instrumental error, and the error due to

change within the system. Therefore, the



scientist tabulates his reading as 20.3 t 0.3

am. The range of uncertainty is 0.6 cm, be-

cause the scientist is saying the actual length

of the object lies somewhere between 20.0 cm

and 20.6 cm.

A.6 - PLACE OF THE UNCERTAINTY

As you probably recall, we have names for

the positions digits occupy in numbers. For

example:

tn

Lai

141
IX

In our previous example, 20.3 t 0.3, the place

of the uncertainty is the tenths place.

As another example, 168.9 t 0.3 cm poses

an -1+...eresting problem. The number 168.9 plus

0.3 is 169.2. Does this mean the place of the

unuwtainty is the one!; place? Not at all.

The piace of the uncertainty is still in the

ten-hs place.

. r':OUNUING OFF TO 'WE CORRECT PLACE

4hen scicntists communicate quantitatively,

it i generally accepted that the uncertainty

is rounded off to the largest place having a

In this case zLro is not considered a

di't. For example, in the measurement 102.73

117

Measurements within this
range have a high level of
confidence. Conversely,
measurements outside this
range are very dUbious.

HDL #10 and 11 go with
this section.

IIDL #12 goes with thin
P.=ct:cr.
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82 1.68, the uncertainty (1.68) is rounded

off to the ones place and therefore becomes 2.

It is also generally accepted that the part of

the measurement that comes before the uncer-

tainty is rounded off to the same place as the

uncertainty. The measurement 102.73 t 1.68

becomes 103 t 2 when rounded off properly.

Before you read any further, round off the

following measurements to the proper place.

(1) 420±20 miles (1) 421 t 22 miles

(2) 6590±10 m.

(3) 1.27±0.07 cm. (2) 6591.2 t 12 meters

(4) 5001'100 sec.

(5) 50,000±100 Kg. (3) 1.269 t 0.068 centimeters

(4) 500 t 100 seconds

(5) 50,000 ± 100 kilograms

HDL #13 goes along with
Oils section.

Check with your teacher to be certain of your

answers before you continue.

A.8 - PROPAGATION OF ERRORS

What happens to this "plus or minus" when

you add, subtract, multiply or divide? The

propagation of errors is too large a topic for

exhaustive coverage here. We will learn a

simple method accepted by most scientists

called "significant figures."

A.9 - SIGNIFICANT FIGURES

Significant figures are the digits that

are certain plus one more. The measurement

20.3±0.3 has three significant figures. We
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are certain of the tens place and the ones

place, but we are not certain of the tenths

place. The uncertainty lies in the tenths

place. Expressing this number using signi-

ficant figures, we write 20.3 Determine the

number of significant figures in the following

measurements and express them using the proper

number of significant figures. You may have

to round off some of the measurements first.

(1) 251 t 1 kilograms

(2) 6532.00 t 0.04 grams

(3) 500 t 10 seconds

(4) 500 t 1 centimeter

(5) 4.0002 t 0.00149 square meters

A.9.a - ADDING SIGNIFICANT FIGURES

When you add or subtract measurements, the

number of significant figures in your answer

is determined by the largest place where there

is uncertainty. In the following example, the

digit that is uncertain is enclosed in a box.

112.23
100.0
A9.1698
2.000

733.3998

Keeping in mind that significant figures are

the digits that are certain plus one more, it

is evident there are four significant figures

in the answer. The answer rounded off and
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(2) 252

(2) 6532.00
(3) 500 (this should

bother the "good"
student. How do
you write 500 using
significant figures
when it is "good"
only to the tens
place? Scientific
notation comes later.)

(4) 500
(5) 4.000
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expressed in significant figures is 733.4.

Try the following problems and check them with

your teacher before you continue. Round off

your answers and express them in significant

figures.

(1) 569.321t 0.01

(1) 1r- 2.0009±0.0001
1030 t2

(2) 49.80 t 0.03

(2) 50.80 1.000t 0.001

A.9.b - SUBTRACTING SIGNIFICANT FIGURES

As in addition, the number of significant

figures in the answer is determined by the

largest place that has any uncertainty. For

example,

32.5

- 8.598
23.9

The proper answer, rounded off, is 23.9. Try

the following problems and check with your

teacher before you continue.

(1) 903.005 (1) 973.009
- 70.004

(2) 489.00
(2) 523.0013 t 0.0235

- 34.00298 t 0.00069

A.9.c - MULTIPLYING AND DIVIDING SIGNIFICANT
FIGURES

11DL #16 and 17 go along
with thla soction. When you multiply or divide, your answer

should have no more significant figures than
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the smallest number of significant figures

originally available. For example,

156 (three sig. figs.) 89453 (five sig. figs.)

365 (three sig. figs.) 111 (three sig. figs.)

780 89453

936 89453

468 89453

56940- 332NTT

56,900 (three sig. figs) 9,930,000 (three sig. figs.)

1943.1 (five sig. figs.) = 92613 930 (two sig. figs.)

271 (two sig. figs.)

Try the following problems and check with

your teacher before continuing.

Multiply:

(1) 269.4 t 0.1 (2) 1000.0 t 0.1
16.2 t 0.1 1.0 t 0.1

Divide:

(1) 569.129 t .02 = (2) 4834.2 t .1
69.001 ± .005 1.0 t .1

A.10 - SCIENTIFIC NOTATION

Unless we always attach the uncertainty

to the measurements we make, it is difficult

to convey to another investigator just where

the uncertainty lies. For example, if we see

tte "nber 45,000,000 we cannot tell whether

the uncertainty lies in the ones, tens,

hundreds or thousands place.

To eliminate the confusion, we use a

simple method which leaves no doubt as to the

Droner number of significant figures. This

121

(1) 4360 three sig. pigs.
(2) 1000 tvo sig. figs.

(1) 8.2481 (five sig.
figs.)

(2) 4800 (two sig. figs.)

HDL #14-17 go with this
section.
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86 simple method is called scientific notation.

We all know the decimal point moves one place

to the right every time you multtply by ten.

We also know the decimal point moves one place

to the left when you divide by ten. To express

a measurement using scientific notation, the

recorder simply writes the proper number of

significant figures, puts the decimal between

the first and second digit, then multiplies or

divides by the proper number of "tens" to make

the measurement as large or small as it

actually it

For instance, if the recorder wishes to

tell the person who reads his report that the

measurement is 46,000 good to three significant

figures, he simply writes 460, then puts the

decimal point between the first two digits

(4.60) and multiplies by the proper number of

"tens" to make the number as large as it

actually is (4.60 x 104).

dow can we express the measuremert

0.0000549, showing only three signifiunt

figures? Write 549 and then put a decimal

etween the first J'ild second digit (5.49).

rinally, we would divide by the proper number

of "tens.' (E.49 x 1C-5). Write the following

measurementt using ;cientific notation. (You

may have to round orf to the correct place
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first.)

(1) 10?0 t 1 cm ,1) 1.0:9

(:) 1.000 x 101

(2) 10,000 t 10 ile!, (3) x 10-r
(4) 1.8 x 10-

(3) 0.0261 .01 (5) 1.25 x 100

(:) 0.000018 t 0.000002

(5) 1.25 I 0.01

A.11 - BACK TO THE SCALENE TRIANGLE

By now you probably realize some of the

inadequacies of significant figures. One that

is very apparent is the lack of a range of

uncertainty. When measurements are expressed

using scientific notation, we are never certain

about the range of the uncertainty. Neverthe-

less, significant figures are very useful in

communicating the place of the uncertainty, and

knowing the place of the uncertainty is usually

satisfactory.

Refer back to the data you collected when

you tried to calculate the area of the scalene

triangle. Refer back to the section on instru-

mental and human error and error due to changes

within the system. Assign a range of uncertain-

ty to each of your measurements, then round

them off to the proper place. Now express

them using scientific notation. Finally, re-

calculate the area of the triangle from the

three sets of bases and heights using only
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Notice there is no
attempt to explain the "best"
answer at this time. Interest-
ed students might refer to
a paperback, by W. J. Youden,
Experimentation and
Measurement (Scholastic Book
Services, 1962 NSTA).

List the students're-
sults on the blackboard.
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The digits that are cer-

tain will be the same in all
cases. The variance in the
uncertain place is under-
rtandable because the Zast
p!ace written is uncertain.

(1) Statements (c) and
(.2) are quantitative descrip-
tions.

(.") N,7), hic frie;7d is
:.,ecause the re-

heights re-
*Vc car.-.? no matter

.;ystem of measuremPnt
appZied. Therefore, the

ratio cf their heights would
th.' same.

significant figures. Are those digits that

are certain the same in all three cases? If

there is some variance in the uncertain place,

is this understandable? Remember, significant

figures are all the certain digits plus one

more.

Exercises for Home, Desk, and Lab (HDL)

(1) Observation is made of a burning

candle. Which of the following can be

considered quantitative descriptions?

(a) The candle gives off light and heat

as it burns.

(b) The top of the candle becomes wet

with a colorless liquid.

(c) The wick is made of strands of

string which are 9.8 cm long.

(d) The candle becomes shorter at a

rate of 1 cm/minute.

(e) The top of the candle becomes

bowl-shaped.

(2) A student designs his own system of

measurement. Using his system, he meatures

his height and a friend'- "eight. He finds

the ratio of his height to his friend's is

1.2/1.0. His friend argues that the ratio

would be different if they used the metric

system. Is the friend correct? Why?
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In the following problems use L for

length, M for mass, and T for time.

(3) If you multiply length times length

times length, what are the dimensions of your

answer?

(4) What are the dimensions associated

with the speed of your family car?

(5) If you multiply mass times length

per time squared, then multiply by length,

what are the dimensions of your answer?

(6) A steel rod has to be measured. The

picture drawn below is what you see while mak-

ing the measurement. The steel rod is at room

temperature and so is the ruler.

Steel rod

4 5 6 7 8 9 1

a/ cm. at 25° C

(a) What uncertainty would you associate

with the measurement?

(b) Write the measurement with the total

uncertainty.

(c) What is the range of the uncertainty?

(7) A student sees the following while

making a meas',rement using a typical triple-

beam centigram balance. The large "riders"

are at zero.

- small rider
111-1111-1411-1111111III I 11111111111111114111s41

0.6 0.7 0.8 0.9 1.09

125

(3) 0, which is the
dimension of volume, is the
correct answer.

(4) L is the correct

ancwer.

(5) Af eye the correct

cmswer. (Iris mass times

velocity squared which are
the dimensions of Ek

(0) human error t 0.2 cm
instrumental error ± C.1 cm

other error ± 0.) c7!

_ 0.3 cm

(a) TotaZ uncertairty
would be ± 0.3 cm.

(b) 8.2 ± 0.3 cm

(c) The range wouZd be
0.6 cm.
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(7)

(2) t0.005 g

(b) 20.01 g

(c) +0.015 g

(8) The range is 0.4
grams.

(9) The range is 0.16
seconds.

(10) The tenths place.

(11) The hundredths
place.

(12)

(13)

(a) 1.07 t 0.03

(b) 9.006 t 0.005

(c) 1600 + 100

(a) 649.2

'!) 0.0006

(a) What human error would you associate

with this measurement?

(b) What instrumental error would you

associate with this measurement?

(c) Assuming the error due to change in

the system is zero, what total

uncertainty would you associate

with the measurement?

(8) What is therange of the uncertainty

in the measurement 6.2 t 0.2 grams?

(9) What is the range of the uncertainty

in the measurement 100.02 t 0.08 seconds?

(10) What is the place of the uncertainty

in the measurement 6.02 t 0.2 grams?

(11) What is the place of the uncertainty

in the measurement 100.02 t 0.08 seconds?

(12) Round the following off to the

correct place:

(a) 1.065 t 0.0295

(b) 0.0059 t 0.005

(c) 1649 t 100

(13) Express the following using

significant figures:

(a) 649.2 t 0.5

(b) 0.00059 t 0.00015
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(c) 5649 t 29.5

(14) Add the following and express your

answer using scientific notation:

(a) 649.2 t 0.5 (b) 527.8 t 0.1
29.26t 0.01 61.39t 0.01
1.269t 0.001

(15) Subtract the following, expressing

(13) (c) 5650

You may first assign the
problems that fbllow without
asking students to express
their answers using scientific
notation. Then, after they
have studied scientific
notation, they can re-work
the problems, expressing their
answers using scientific
notation.

your answers in scientific notation:

(a) 32.50 t 0.01 (b) 657.89 t 0.06
- 8.902t 0.001 - 549.01 ± 0.01

(14)

(a)

(b)

(15)

(a)

(5)

(16)

(a)

(1)

(17)

(a)

(b)

6.797 x 102
5.892 x 102

2.360 x 101
1.0888 x 102

5.69 x 104
4.1 x 101

3.3 x 102
3.22 x 101

(16) Multiply the following, expressing

your answers in scientific notation:

(a) 156 t 2 (b) 1.009 t 0.001
365 t 6 41 t 1

(17) Divide the following, expressing

your answers in scientific notation:

(a) 654.298 t 0.001
2.0t 0.1

(b) 54.07 t 0.05
1.68 t 0.01

B. RANDOM EVENTS

8.1 - Experiment: MASS OF SOW BUGS

You observed sow bugs earlier in the

cotirse. Weigh your sow bug individually and

record its mass on the board. Prepare a class

histogram or bar graph showing the number of

sow bugs at a given mass on the y axis and

the mass of the sow bugs on the x axis.

12 rj

Equipment and Materials
sow bugs, 100 or ncre
balances

This experiment gives
students weighing (massing)
experience and data is col-
lected that should s cw an-
other distribution

r.o t-.0c isopods have tke

same mass, instruct the stu-
dents re use mass ranges on
the x axis. Look at their
data on the board and see if
r9unding off the masses will
give a better distribution
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92 curve. This will have to be
decided after they have
written the sow bug masses on
the board. Use at least one
hundred animals.

For use of balances see
D.2.c.

Yes, the two graphs
should be similar.

WARNING TO TEACHER:
Ask students to bring ten
coins for B.2.

Equipment and Materials
small boxes - optional
10 coins/student group
graph paper

This experiment may be
done in groups or may be done
individually if you have
enough boxes and coins. If
boxes are not available, the
coins may be shaken by hand
and spread on the table fbr

Show the PSSC film,
"Random Events" (30 min.
running time) after this

experiment. This film is
very well proditced; it should
b.? seen by the students even
if you may disZike films
yourself%

41%

You have already determined your reaction

times in Experiments C.5 and C.6, Chapter I.

Refer to the graph of your results. Does the

sow bug mass graph resemble your reaction time

graph? Graphs are used to present experimental

data in an easily understood fashion. In

addition, the shape of the resulting curve

often leads to important insights.

Distribution curves seem to be related to

living systems because both of your graphs were

obtained from observations on living systems --

sow bugs and humans. Perhaps distributions also

occur in non-living events and are a fundamental

property of nature.

B.2 - Experiment: COIN FLIPPING

Shake ten coins in a box, remove the lid,

and count the heads. Record the number of heads

after each shake. Repeat this operation twenty

times. Graph the results by placing the number

of trials with the same number of heads on the

Y axis and the number of heads in each trial

on the X axis.
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Is this graph similar to the sow bug mass and

human reaction time graphs? Does it appear

that distributions due to random events are a

general occurrence in nature?

C. ORGANIZATION

C.1 - Demonstration: CLASSIFICATION AND
ORGANIZATION

We live in a world where most objects

and events have names. And names, in part at

least, are a way of classifying and organizing

information according to the scheme of language.

What holds our attention best is something new.

Our interest is immediately directed towards

placing the new thing in its proper place in

the world of things we already know. Often the

shape and direct:NI of your investigation of

the new thing is strongly influenced by your

first guess as to what it is. Thus taste and

smell are used to investigate a powdered break-

fast drink but not usually a powdered detergent.

In science, classification and organiza-

tion of information must be done as concisely

as possible. It is important not only in

communicating what you have learned to other

people, but also in guiding your investigation

as it proceeds. The game of Twenty Questions

is a good example of how one uses information

logically to obtain new information and eventur

Yes, the graphs should be
similar.

Yes.
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This should be done as

a demonstration with volun-
teer students, allowing them
to use their own classifica-
tion schemes. From these
trials a rational system may
be evolved by the students
themselves. The teacher
should, in any case, finish
up by drawing on the board
a dichotomy flow sheet which
provides an efficient route
to the answer. 'An example
follows;

(?, ryd:'

r
h,qrf_

,P

4

it
r ,

4
7 o:*

Jr
1, 11, , 2.1.i

*Numerical values for the ace,
jack, queen, and king are
assumed to be 1, 11, 22, 1,5,

respectively.

ally to identify the object in question.

A good example of how proper organization

can lead more quickly to the answer than simple

guessing is provided by a deck of cards. How

many "yes or no" questions do you think

necessary in order to identify positively a

card chosen by someone else? Certainly you

could do it with fifty-two questions, but what

is the minimum number of questions that would

be sufficient?
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You have used a flow sheet in identifying

one card out of fifty-two. You have probably

noticed that this system of organizing and

classifying provides a useful way of dividing

up the possible alternatives into smaller and

smaller groups--that is, a way of going from

the general to the particular. At the same

time it provides a roadmap or sequence of

operations which lead you most quickly to the

answer.

But the flow sheet has its limitations.

It is most useful only when a great deal is

known in advance about the collection of things

which you want to analyze--that is, when you

already know what characteristics there are and

which are most important or general and which

are trivial.

131

If necessary, the teacher
can draw out the entire flow
sheet and show the students
that in every case it i8 possi-
ble to identifV the chosen
card by a maximum of six
questions through this scheme.
In the use of the dichotomy
or mutually exclusive cate-
gory system, the number of
.lternatives which can be
resolved in n questions is
equal to 2n. Hence, with
six questions, 26 = 64 alter-
natives could be handled.
This problem should be pre-
sented to the students by
asking them if six questions
would still suffice when an
additional three cards were
included in each suit.

The teacher should also
make the point that the deck
of cards is an artificial
situation in that

(1) all of the relevant
characteristics of the cards
are known in advance;

(2) the generality of
each characteristic is known
in advance (e.g., red cards
are more common than aces);

(3) the total number
of alternatives in the
system is known in advance;
and

(4) the relationships
among the various characteris-
tics is fixed and known (e.g.,
one card of each numerical
value occurs in each suit).

The teacher may want to
cite other uses of the flow
sheet such as in chemical
analysis, chains of command,
responsibility in organiza-
tions, or genealogical
tables.
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WARNING TO TEACHER:

Ask the students to bring in
an assortment of 7-10 leaves

for C.2. Too many leaves
lend to problems rather than
solutions.

EquEpment and Materials
The leaf collection per

student group should consist
of about ten different types
of leaves collected in any
convenient garden or yard
and numbered by means of
small pieces of tape attached
tc the Zeaves.

A Roman Square is a device
for correlating properties
and/or objects. See Figure
C.1 on the next page.

This writing group,
whch conazined no botanists,
collected fifty types and
discovered thirty-five use-
fu' characteristics which
oere divided about equally
among the general headings
Shape; Veining; Border or
Edge; Fuzz, Hair, or Spikes;
Texture; Stem; and Odor.

C.2 - Experiment: CLASSIFICATION OF LEAVES

Knowing very little about the collection

of objects in question, what do you do then

when you have to start from "scratch"? Try

it now by observing the collection of leaves

provided, noting as many characteristics as

You can for each leaf. A useful device in

this case is the Roman Square. This is a less

organized and more open-ended way of handling

observations.

The square can be expanded as you examine

new leaves and find new characteristics. But

it would be wise first to study the leaves for

15 to 20 minutes to determine as many charac-

teristics as you can, and then to try to
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Leaf
Number

CHARACTERISTIC SHAPE

Tear- Heart Blade
drop

Round
Paral-

lel un-
branched

VEINING

Net- Paral-
work lel

branches branches

one

main
vein

1 yes no no no yes no no no

2

3

4

5

6

7

Figure C.1

errange or group them under major headings as

in the example above. As you proceed, you may

find that some charactrIristics--such as the

prnence of veins--are true of all leaves and

thPrefore not of much value in classification.

Otroers--such as round shape--may be toc vapue.

In your examination y,:u may use any of your

senses except taste, since some leaves contain

poisonous substances. You may find that some

or:4-s of characteristics usually go tcgether,

oth2rs opaar to bc mutually exclusive.

Prebably the most dcult part of this stut

will be setting up thc best chlrEcter:ztics.

There is no easy solution to this; only trial

and error can accomplish the job.
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Tht: rain purposes of this
(x,reise urn to acquaint the
etudent with the Roman Square
m,tod of handling observa-
tio?:s or data; to contrast
fcr hin: the relative diffi-
o-dlties in classification en-
countered in biological sya-
terns as compared to those of
2 ni.mple man-made system like

c1eck cf cards; ind finaNy
to for:se :o think ahd es-
n'crs himre71 precisoly and
09;..2.(1Zy in hie formulation
of chs:racteristico. It ic
antiatec: that a consid-lr-
a'ole p6riod of trial and
error Z:e neccseary be-
frPe ach afrivec at
saLinfr:g set of ohare--

toriaties cncl orcanizes tken
ifitc SOT.: aystm; cicce

if t"27', eije,

skruid 0:;ore tbe
(777ernight in 4c,7,7

r(1r cr dar7
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We think this test of
the student's classification
scheme is important. The
teacher should require it.

It has proved meaningful
to follow this exercise with
another keying about 15
examples of evergreen or
deciduous trees. Limbs or
twigs may be used as samples.

Once you are satisfied with your Roman

Square, you may want to reorganize your charac-

teristics into a flow sheet which would permit

you to identify a leaf in your collection with

as few "yes-no" questions as possible. Test

your scheme of classification by having someone

else in your group decide on a leaf which you

then try to identify by means of these

questions.
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D. CLASSIFICATION AND ORGANIZATION - EXTENDED

Classiftcation and organization of playing

cards and leaves can be accomplished using

readily observed characteristics of the cards

or leaves. In many cases visual observation

will provide enough information to allow a

classification scheme to be formulated. Since

the ultimate use of classification and organi-

zation is the identification of individual mem-

bers of the set, the problem is quite general

and important. Manufacturers of household pro-

ducts must devote considerable attention to

the design of the packages their products come

in. Packages should "stand out" on the super-

market shelf and be quickly identified

visually. Supermarket managers like to keep

similar products shved together (classified

and organized) so one finds shelves of soap,

for instance, with a multitude of garish bcxes

in living color assaulting the eyes. Adver-

tising of new products is often as concerned

estblishing the identity of the box as

it is with telling about the new product. The

design of automobiles is complicated by the

fact that design features characteristic. of a

certain brand must remain constant enough to

allow identification of the brand year after
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100 year. At the same time, however, the design

must change each year so the public will be-

lieve the new model is different from the old

one. Identification of automobiles is further

extended by the necessity for each one to carry

a permanent number attached to the frame and/or

stamped on the engine in addition to the license

plate. If we had to key automobiles we could

also include body style and color in our key.

For the fastest possible identification of

a given automobile one might go through the

items on our key in order of ease of observa-

tion. A policeman would probably he trained

to read licen:e nlates fast and accurately

while the average c%tszen would probably notice

color or body style first. In either case the

car might be tentatively identified by a fast

visual observation but the ultim.te identifica-

tion would be by finding the frame and/or

engine number.

The study of nature often starts with ob-

servation, classification and identification.

Sometimes it is desirable to make a fast

tentative identification (sometimes nothing

more than a guess) while other times a very

detailed analysis may be required (for example,

samples of moon material are being studied in

great detail). Now we are going to extend
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these ideas of classification and id,!ntificP.-

tion to include chemicals. The objective of

the following experiment is to identify some

unknown metals.

C.1 - Experiment: VISUAL OBSERVATION

A fast tentative identification of some

metals might be made on the basis of visual

ohservation. A more complete identification

,:an be made by measurement of a physical

property. An absolutely positive identification

could only be made by measurement of several

physical properties.

Look at the table "Selected Properties

of Some Metals" on the next page. The column

'leaded "Color" is blank. Using the identified

'T.etTh in the lab, the Handbook and your pre-

vious experiences, fill in the blank column.

In order to observe the true color of the

identified metals it may be necessary to re-

move the surface layer of corrosion with emery

cloth or a file.

:L.tain unknown metals from the teacher and

attmmot to identify the metals by c'lor. This

may 1.02 only a guess.

teble lists three elier daracteristic

),Try...ries of the metlls, melting point, boll-

4-0 noint and density. The temperature at which

137

Equipment and Material
Identifiedrmetals
Handbook of Chem. and

Physics
ts of unknown metals

.rery cloth or file
Table: "Selected

Properties of Some
Metals"

Th3 cheapest way to do
thio experiment is to have
five pieces of each of three
metals for the classroom.

. The pieces of each metal
should be different sizec.
The vclumes should vary as
widely as possible for the
ava::able graduated cylinders.
Ail 01 pieces of a giver
metal could be color coded
on one erd for nasy identifi-
cation. ihey will be used in
tke nert arperiment aico.

tilIV a Handbook and a
colleot.ion of identified
metals around the lab.
EMerj cloth or a file would
rlco be helpful.
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Metal Sym,

Selected Properties of Some Metals1.

Density Melting Point
,2 Color3 Grams/cc. °C

Boiling Point
°C

Aluminum Al 2.7 660° 2467°

Cadmium Cd 8.6 321° 765°

Chromium Cr 7.2 1890° 2482°

Cobdlt Co 8.9 1495° 2900°

Copper Cu 8.9 1083° 2595°

Gold Au 19.3 1063° 2966°

Iron Fe 7.9 1535° 3000°

Lead Pb 11.3 327° 1744°

Magnesium Mg 1.7 651° 1107°

Mercury Hg 13.5 -39° 3570

Nickel Ni d.9 1453° 2732°

Osmium Ot 22.5 3000° 5000°

Palladium Pd 12.0 1552° 2927°

Platinum Pt 21.5 1709° 3827°

Silver Ag 10.5 9610 2212°

Titanium Ti 4.5 1075° 3260°

Zinc in 7.1 419° 907°

1. Data taken from current handbooks.

2. Symbols are a convenient shorthand. Often the symbol for an element is an
abbreviation of the name. Sometimes it is the abbreviation of an older name.

Common Name Old Name Symbol

Copper Cuprum Cu

Gold Aurum Au

Iron Ferrum Fe

Lead Plumbum Pb

Mercury Hydrargyrum Hg

Silver Argentum Ag

Tin Stannum Sn

3. Colors can be described in various ways. Use your imagination.
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almost all metals melt are too high for us to

determine in our laboratory. The boiling

points are even higher. This leaves density

as the property we can use.

D.2 PRELUDE TO DENSITY

quantity of Matter: "How much?" is a

pretty fundamental question for the description

of matter. There are several answers. One is

how much space the matter occupies, that is,

its volume. The second is the mass of the

matter or its weight*. By tradition, volume is

used as a measure of quantity for some things

and mass for other things. Gasoline could be

sold by the pound though, and the space occu-

pied by a person might be more interesting

than his poundage.

D.2.a VOLUME

Liquids are most commonly measured by de.-

termining the space they occupy. This is easy

because liquids assume the shape of their

con+ainer. There are containers made for this

pumose such as measuring cups ane spoons. In

the laboratory graduated cylinders are one kind

*Mass and weight are not synonomous. The

distinction between them will require some

physics.
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HDL's 1-13 at the end of the
chapter go with the qaction
on density.
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Equipment and Materials
Graduated cylinders
3 or 4 metals, 5 pieces of

each

If the students drop the
v,ctal into a glass graduated
c3linder there is a good
Aance the glass wiZZ crack.
Rither use plastic graduate
cyVnders or warn the stu-
dents to tilt the cylinder
and a:low the metaZ to slide
down the wall. Alternatively,
the metal can be lowered into
the cylinder with a piece of
thread.

Demonstrate how the
graduated cylinder is held
at anangZe and the piece of
metul alZowed to sZowZy sZide
down. With an old glass jar
you (!ould also demonstrate
how easily gZass can be broken
by the metal.

of container used for volume determination.

Scientific work commonly uses the cubic centi-

meter (cc. or arr) or the milliliter (m1.) as

the unit of volume. The two units are equiva-

lent and graduated cylinders may be found

3
marked or calibrated in either cc., cm.,or ml.

D.2.b. Experiment: VOLUME OF A SOLID

The volume of a solid may be determined

directly if its dimensions can be conveniently

measured. If one of your unknown metals is a

cube, for instance, you would have no difficulty

obtaining its volume by direct measurement.

Most regularly shaped objects such as spheres,

cylinders, cones and rectangles can be handled

similarly. Attempt to determine the volumes of

some of your unknown metals by direct measure-

ment. How many significant figures are justi-

fied in your answer?

Irregularly shaped objects present a

different problem. Fill a graduated cylinder

half full of water and record the volume.

Carefully add one of your unknown metals and

record the new volume. The difference between

the original volume measurement and the new

one should equal the volume of the metal.

Determine the volume of each of your unknowns.

How many significant figures are you allowed
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in your answer? Compare your results with the

direct measurement results. Are they the same?

If not, why is there a difference? Which is

the most accurate method? Why? Which method

would be best for sand? For wooden blocks?

Does knowing the volume help you in deciding

what your unknown is?

D.2.c. MASS

Use of the Balance: A balance is an

instrument used for making comparisons of two

masses. There are several types of balances

in common use. One type is called an equal-arm

balance. It consists of a beam suspended at

its midpoint with a pan at each end. If an

object on one pan has the same mass as an ob-

ject on the other pan, the beam will be

horizontal. Comparison of two masses is

particularly valuable when one mass is standard.

Beam

Figure 0.1
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Warn students to record
their data so that they will
be able to use it later.

Knowing the volume won't
identify the metal.

If this is the student's
first experience with a grad-
uated cylinder it might be
wise to have them make several
volume determinations of one
piece cfmetal to develop
their skill.
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106 A standard mass is any mass that we decide

should be the basis for all comparisons. Scien-

tists throughout the world use the samestand-

ard of mass, the kilogram. The international

standard of mass in the metric system is a

cylinder of platinum-iridium alloy kept at the

International Bureau of Weight and Measures at

Sevres, France. Our own National Bureau of

Standards in Washington, D.C., has an accurate

copy of the international standard. Accurate

copies of this copy are used for comparison

purposes. The gram is one one-thousandth the

mass of the kilogram. It is very nearly equal

to the mass of one cubic centimeter of water.

The triple-beam bah:ice is in principle

the same as en equal-arm balance. One pan

has been replaced with a set of comparison

masses in metric units, which slide along the

beam.
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0.2.d. Experiment: MASS

Determine the mass of each of your unknown

metals with a balance.

Does knowing the masses of your unknowns

help you to identify them?

It is likely that knowing the volume and

the mass was not particularly valuable to you

in identifying your unknowns. This is because

both are properties of the particular sample in

your hand and are not properties of any partic-

ular metal . They are very useful, however, in

calculating a characteristic property of matter

which will be helpful.

0.3 DENSITY: A CHARACTERISTIC PROPERTY OF
MATTER

If we take an iron bar 1 cm. square and

cut off 1 cm. sections we would have a number

of identical iron cubes. Their volumes would

all be one cubic centimeter. If we weighed

them they would each weigh 7.9 grams. A 2 cm.

section would have a volume of 2 cubic centi-

meters and certainly we would expect it to

weigh 15.8 grams.

D.3.a. An Experiment: DENSITY BY A GRAPHICAL
METHOD

You have now determined the mass and

volume of each piece of metal in the three
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Equipment and hhterTals
3 or 4 metals, 5 pieces

each
tripie beam balances
platform balances

There is a film loop on
the use of the balance,
"Weighing with the Triple
Beam Balance", Ealing Company.

For the heavier gieces
of metal a platprm balance
will be needed.

Knowing the masses will
not identify the metal.

The Zai7e3tory exon2i8e
which falc..'s is incZuded as
a re'vew of ?raFh-making and
ar 2 tocl fir tecv.hinj grap;i
Lzn:27yris.

E:4i.oment :.:ateriatr

3 cr I mctals, p7:eccs
v: cach

B2.1,a.ces, tm:ple beam cr
tfcrrn

paper
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108 unknown sets. Plot a graph of the data.

If the balance is zeroed
befbre the experiment is per-
formed the origin can be
considered as a data point.
This should be discussed with
the class.

VOLUME, Che, CC., or ML.

Notes on graphing: Gather all the mass and

volume data before setting up the scale

division. Start the graph scale with zero

grams and zero ml.

When the data points for one metal have

been plotted, draw a straight line which

appears to best fit through the points. Prob-

ably some points will not fall on the straight

line. Why not?

rom the graph you have plotted read the

mass of 1 cm.3 (cc. or ml.) of your metal.

Read t 1 mass of 10 cm.3 (cc. or ml.) of your

metal trom the graph, divide the result by

ten a, Lompare this number with your direct

g of grams per one cm.3 (cc. or ml.).

Extend the line using dashes so that you

can read the mass of a 100 cm.3 piece of metal.

How steep is your line? The "steepness"

or slope of the line can be described quantita-

tively as the number of units the line extends

vertically divided by the number of units the

line extends horizontally.
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2 3

CM3, CC. or ML.

Figure D.3

109

By performing the actual arithmetic division

we have the number of grams per cm.3 (cc. or

ml.) of metal. This is the same as reading

directly the number of grams on the Y-axis at

the one cm.3 (cc. or ml.) horizontal division.

The quantity you have just calculated,

the mass per one cm?: or unit volume, is defined

as d'!nsity. For any substance (including of

course, your unk..In metals) the density is a

oaractc,ristic. physical property. It is in-

dependent of the size of the sarle. It should

be a very useful characteristic property to

use for identification of your unknowns. Graph

the ddta for your other two unknown metals and

repeat the process used above. Identify each

unknown.
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110 Density could have been obtained by the

determination of volume and mass of just one

piece of each of the unknowns. However, by

making several determinations on the same metal

using different pieces, lab errors hopefully

will tend to cancel each other. The graphing

technique we used shows us when a data point

is "out of line." If we did only one deter-

mination we would not have this extra informa-

tion about the data. Would we get the same

result if we connected the data points with

straight lines as shown below?

Figure 0.4

D.4 OTHER CHARACTERISTIC PHYSICAL

Density is a physical property usF,

identification. There are other physii;a1

properties which are also useful for this

Purpose. We will now learn a'L.out some of these

and use them fo,^
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D.4.a. FREEZING AND MELTING

We know that water freezes to form ice and

that ice melts to form liquid water. The tem-

perature at which this change takes place is

known as the freezing point or melting point.

Does ice melt at the same temperature that

water freezes? It should, but how can we prove

that it does? Plan an experiment which would

demonstrate this.

For classification, organization and

identification we can make use of freezing and

melting. First, if a substance has a freezing

point or melting point lower than room tempera-

ture it should exist ordinarily as a liquid.

On the other hand, a substance that has a

freezing point or melting point higher than room

temperature should exist ordinarily as a solid.

We can classify and organize substances on the

basis of whether they are ordinarily liquids or

solids. List six substances you would expect

to be liquids ordinarily.

D.4.b. Experiment: BEHAVIOR OF SOLIDS ON
WARMING

Careful observation of familiar objects

around us usually reveals characteristics and

properties that were not obvious to us before.

In this experiment you will compare the be-

havior of several solids when heated.
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If someone has a gcod
idea on this let them tr?
Perhaps a container cf
and water and a thermometer
will be sufficiently sugges-
tive.

rr wo restrict the Vet
to pure substances this is
not an easy task fbr sopho-
mores.

Equipment and Materials (-'or
studints)

15 candles
1.5 tansen ).urnero

26 ring etandv,
HP0 gauze

15 !;50 ml ieaker

can 1i*
,7ra!,1 pieces of su:f,v,

copl,cr, anj
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Small tin cans from home or
school kitchens could replace
beakers, avoiding the need
to clean wax-coated beakers.

This experiment involves
a carepl observation and
comparison of several sub-
stances and how they behave
under varying temperature
ranges.

This will give rise to
making some generalizations
as to the meZting point ofa
substance being a charac-
teristic property of matter.

The copper and the iron
do not melt by this particu-
lar prboess. After comparing
clarr results, it may be
desirable to refer the stu-
dent to a chemistry hance,00k
to compare his findings with
the accepted melting point
values as listed.

:;ome classer have found
th e. sulfur an irritant to
f!yos and throat oh,:n heati
OVr!P the bunsen burner. It
lo ouggested that this may he
carrled out under a hood.

Place a lid from a tin can on an iron ring

stand as shown in Figure D.5. The lid should

have some depressions made in ft to hold the

substances to be tested. Adjust the height of

the ring so that it is about 8 cm above the tip

of your candle. Place on the lid, equally

spaced near the edge, small equal volumes of

candle wax, steel wool, sulfur, lead, tin and

copper wire or turnings.

Light your candle and adjust the ring

height until the tip of the flame is about 4 cm

directly below the center of the lid. Heat the

lid for about three minutes. Record your

observations paying particular attention to the

melting process. Replace the candle with a

bunsen burner and adjust the iron ring about

8 cm above the bunsen burner. Now adjust the

burner flame to about 5 cm and heat for about

3 minutes. Increase the size of the flame and

heat for another 2 minutes. Record all

observations.

In the burning of a candle you will observe

that there is a pool of liquid at the base of

the candle wick.

The question then arises as to whether the

solidified liquid from the bowl of the candle

will behave in the same way as the original

candle wax when heated.
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Remove your tin can lid from the ring

stand and replace.it with a wire gauze and a

250 ml beaker about 1/3 full of water. Pour a

few drops of the liquid from the bowl of the

burning candle onto a piece of paper. Break off

a piece of the solid formed and place it in the

beaker of cold water. Obtain a piece of the

unmelted candle wax by cutting a chip out of

the bottom of your candle. Both pieces should

be about the same size. Place the second piece

in the beaker apart from the first piece.

Heat the beaker and its contents with the

bunsen burner and note when each substance starts

to melt. Allow the beaker and its contents to

cool and discard the solid material. (Do not

put it in the sink.)

How does your observed order of melting

compare with the findings of other members of

your class? Make a generalization based on the

combined observation of the class. What state-

ment can you make concerning the melted material

in the bowl of your burning candle and the can-

dle wax? Can you make any statements as to why

the substances on the tin can lid began to melt

at different temperatures?

it will be important later to be able to

te)I if a chemical melts in a bunsen burner

f'-me or not. Remember, I told you so.
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Careftil observation will
show that only the.candle wax
and the sulfur are melted by
the candle -- in that order.
The tin and then the lead are
melted by using the bunsen
burner.

When the student observes
that the solidified liquid
from the bowl of the candle
melts at the same temperature
as ."-.he solid piece cut from

the candle, he will conclude
that they are probably the
same substance.

Make sure that the atu-
dent understands that soZids
do melt and that they do havp
characteristic melting plints
peculiar to themselves, and
aiso that a particular sub-
stance always melts at the
same temperature.
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Equipment and Materials
tubes

1, ,utijrade thermometors
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D.4.c. Experiment: FREEZING AND MELTING
CURVES

In this experiment we will attempt to show

that the meltIng points and freezing points of

a substance are the same.

In a clean, dry test tube place 10 grams

of paradichlorobenzene and immerse in a water

bath and warm gently until the substance in the

test tube is completely melted. Continue heat-

ing until the temperature reaches about 70° C.

Remove the test tube from the hot water bath

and place in a beaker of cold water at about

30° C. Measure and record the temperature of

the melted substance every 30 seconds as it

cools and begins to solidify. Continue to

take data for about another 5 minutes. Note

when the solidifying process starts and when it

ends.

Using an entire sheet of graph paper, re-

cord your dat.; in graphical form, plotting the

temperature as a function of time. (Enter the

time on the horizontal axis and the temperature

on the vertical axis.) This is a cooling curve.

Heat a large beaker of water about 70° C.

Read and record the temperature of the solid

substance in the test tube and place it in the

beaker of hot water. Record temperatures

every thirty seconds noting when the melting
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begins and when it ends. (Note it may be

necessary to warm up the water bath as the

action continuesj Record the observed data

and plot the data on the same graph

used for the first part of the
8 0

experiment. With a black pencil

draw a smooth curve to represent 70

the cooling behavior of the sub- Zr.

1.4.1

stance checked, and with a pencil

of another color draw a smooth 50
ot

curve representing the warming
Q. 40

behavior of the substance. This

is a warming curve. 30

Obtain other samples of dif-

20
ferent materials from your in-

The following graph 115
indicates one set of values
for paradichlorobenzene.

A= COOLING CURVE

0 -= WARMING CURVE

0

structor and determine the cool-

ing and warming curves for these using the

same techniques that you have used previously.

Note and discuss any differences that may

appear in the different substances.

Is there any significance to the fact that

one or more of the substances investigated may

have little or no plateau, while others may

present a :elatively longer plateau as they are

plotted on the graph? Explain the reasoning

for the choice you make.

Do you think that there would be any

marked changes in either the cooling curve or
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2 3 4 5 6

TIME iN MINUTES

Varying the number of
rarr of material would not
cause any significant okonges

7



116 in the curve except that it
may become more gradual. The
length of the plateau (but
not ita height) would be
affected because of the fact
that a longer time would
result ftiom the greater
amount of mass to be either
melted or solidified.

A cooZing curve that 1
little or no plateau indica
that it has no freezing poin
within this temperature range.

Equipment and Materials
beakers
thermometers
capillary tubes
chemicals
rubber bands
stirring rods
clamps
corks
ring stands

Rubber

Band

Melting Point
Tube

Thermometer

the warming curve if you were to vary the

number of grams of material used in each case?

Explain your choice.

P.4.d. Experiment: MICRO-MELTING POINT

For convenience, melting points are

usual:y determined on very small quantities of

sample. A melting point tube can be prepared

from glass capillary tubing. Heat a capillary

tube in the middle until it melts. Pull the

two pieces apart and seal one end of each

piece in the flame. Crush a small piece of

paradichlorobenzene and scoop up the powder

into the open end of one of the tubes. Care-

fully tap the sealed end of the tube against

the desk top. The powder should fall to the

bottom of the tube. A column of material about

3 to 5 millimeters high packed in the bottom

of the tube serves as the melting point

sample. Attach the packed tube to a thermometer

with a rubber band so that the sample is next

to the thermometer bulb.

Suspend the thermometer with the melting

point tube attached to it in the center of a
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beaker half filled with water. Slowly heat and

stir the water while observing the sample. Re-

cord the temperature at which liquid first

.appears ar0 the temperature at which the last

pit of solid disappears. These two temperature

.-eadings define a melting point range for para-

dichlorobenzene. We will use this m;cro-

melting point method to identify an unknown.

Obtain an unknown from your teacher. )ne un-

known will be one of 'he substances listed

below. Identify it by !ts melting point. You

will want to make several melting point range

determinations. The most accurate results will

be obtained when the water bath temperature is

rising by about 2 degrees per minute while the

sample is melting.

Camphene 42°
Paradichlorobenzene 53°
Maleic anhydride 56°
Naphthalene 80°
Acetamide 82°
Citraconic acid 91°
Citric acid hydrate 1000
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Equipment and Materials
ring stand
clamps
test tube

thermometer
,Icohol or bunsen burner
soiling chips
'.7ater

THERMOMETER

ti3 LIQUID SAMPLE

ALCOHOL LAMP

Figure D.6

qro :-rociouo

boil ,zt
a >. >, t.,r7p,,ra tun'.

D.4.e. Optional Experiment: BOILING POINT
DETERMINATION

If a substance boils at a convenient

temperature we can determine the boiling point

with the simple apparatus shown. The boiling

point temp, (-.ure is another useful physical

property.

Place approximately two cm.3 (m1.) of

water in a test tube and suspend a thermometer

so that the bulb is two to three centimeters

(about one inch) above the surface of the

liquid as shown. Add a few small chips of

porcelain to insure even boiling. Now gently

heat the liquid. The liquid will boil and you

should be able to spot liquid on the wall of

the tube formed by condensation. Gently heat

so that the condensation takes place about 1

cm. above the thermometer bulb. When the

temperature is no longer changing.record the

boiling point. Do not heat the tube so hot

that vapor escapes from the tube.
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0.5. SOLUBILITY: ANOTHER METHOD FOR
CLASSIFYING

There are many times in our lives when

we add a solid to a liquid and the solid seems

to disappear. Sometimes there is no visible

change other than the "disappearance" of the

solid. If we mixed sugar and water in a glass

the sugar would seem to disappear. However, if

we tasted the water it would be sweet. Since

water alone is.not sweet, and sugar alone is

sweet we could conclude that the sugar is mixed

throughout the water giving it a sweet taste.

If we mixed Kool-Aid and water we would actually

see the coloring mix throughout the water. A

solid mixing throughout a liquid in this manner

is soluble and dissolves and the resulting

combination of solid and liquid is called a

solution. The solid is called the solute and

the liquid is called the solvent. We could also

obtain a solution by dissolving one liquid in

another. In this case the liquid present in the

least amount would be called the solute. Gases

can also dissolve in liquids to form solutions.

There is often some limit as to how much

solute can dissolve in a given amount of a

particular solvent. It is possible to add more

solute to a particular solvent than can dissolve.

If no more solute can dissolve the solution is
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Equpment and Materials
test tubes
ummed paper labels or
glass marking penci.iS

lances
sodium chloride
sodium nitrate
calcium carbonate
ammonium sulfate
potassium acetate
Lzper to u.ce on balance

pans (6 pieces/student
team)

said to be saturated. Terms introduced so far:

dissolve

soluble

solution

solute

solvent

saturated solution

Substances can be classified according to

how soluble they are in a particular solvent.

If, for instance, a thousand grams of a sub-

stance dissolves in 100 ml. of water, we would

classify the substance as very, very soluble in

water. On the other hand if 0.0001 gram of a

substance was all that would dissolve in 100

ml. of water we would classify the substance as

insoluble. Of course, the substance is not

totally insoluble, but for all practical pur-

poses it -is insoluble. We will arbitrarily

call anything insoluble if no more than 0.1

gram will dissolve in 100 ml. of water.

D.5.a. Experiment: CLASSIFICATION BY
SOLUBILITY

Place one ml. of water in each of five

test tubes. Label the tubes sodium chloride

(NaC1), sodium nitrate (NaNO3), calcium

carbonate (CaCO3), ammonium sulfate ((NH4)2SO4),

potassium aceiate (KCH3CO2). First place a

piece of paper on the balance pan and weigh it.
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Record the weight. Add one-half gram to the

weights and then place the chemical you are

weighing on the paper until the beam balances.

If you add too much chemical adjust the weights

until the beam balances and record the weight.

If you get more than one-half gram it will not

matter. Use five pieces of paper to weigh the

five chemicals in this manner. Be sure to

label each of the five pieces of paper.

Add a small amount of sodium chloride to

the water in the test tube labeled sodium

chloride, using your scoopula. Repeat the

procedure by adding a small amount of each

chemical to the appropriately labeled test

tube. Would you classify any of the chemicals

as insoluble?

Continue adding small amounts of each

chemical to the appropriate test tube until

each solution is saturated. You may need more

than one-half gram of some of the chemicals in

order to make the solution saturated. Keep a

record of the weight of each chemical needed

to achieve a saturated solution.

Classify .the five chemicals as insoluble,

moderately soluble, very soluble and very

very soluble

157

if students arc required
to record solubilities in
gm/100 ml, this experiment
will be a more helpful prelude
to D.5.b. From a series of
such recordings they might
establish some quantitative
limits for "insoluble, mode-
rately soluble," etc.

Their findings may be
checked against values in the
Handbook of Chemistry and
Physics.
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Hquipmont and Materiala D.5.b. Experiment: TEMPERATURE VERSUS

SOLUBILITY

In this experiment, a saturated solution

at a given temperature is evaporated to dryness.

From the weight of the residue, the solubility

in grams per 100 g of water can be calculated.

Others in the class may be performing the

same experiment at different temperatures.

Share your data. You will need the solubility

of a substance at many different temperatures

to make a graph of solubility as a function of

temperature. Such a graph is called a

solubility curve.

Within a class, make several saturated

solutions of potassium dichromate at tempera-

tures ranging from 5° C to 900 t. Pour about

20 ml of one of the saturated solutions into

a clean, dry evaporating dish. Carefully

evaporate the solvent. Let the evaporating7

dish cool and then re-weigh it. Repeat this

process until constant weighings are obtained.

Now pour about 2.0 ml of another soturated

solution at a different temperature into a

clean, dry evaporating dish and drive off the

solvent. Continue using saturated solutions

at different temperatures until you and your

fellow students have enough data for at least

Non-expendablo:
(2vaporating dlsh per
student

1 250 mZ pyrex beaker per
student

5 150 mZ pyrex beakers for
the saturated solutions

1 wire screen with asbestos
center per student

1 tripod per student
1 bunsen burner per
student
striker per student (or
matches if you want to
dig them out of the
ainks)

1 -10 to 1100 centigrade
th.?rmometer per student.

Lxpendable:
1 lb K2Cr207 (assuming
ahout h data points per
clacs); technicaZ grade
lc okay.

If students do this ex-
priment as a class, check
the thormometer they use for
accuracy.

';r117-.rN

i.v4OriCYAITING

AING
. W411 R

) (

-;,FN *44YAlf4

Fi9ure D.7
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five points on your graph. After you have made

your graph, carefully discard the residue and

wash the evaporating dishes and your hands.

Potassium dichromate is poisonous.

Can you predict from your graph the

solubility of potassium dichromate at a tem-

perature you did not use? How many grams of

potassium dichromate will dissolve in 1 ml of

water at 60° C? Can you assume the same sort

of graph is typical of the solubilities of all

substances?

If you have additional time, your teacher

will show you how to use The Handbook of

Chemistry and Physics to make solubility curves

for other substances.
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Remind students always 123

to be certain there is some
solid in the bottom of their
beakers to insure that the
solution is saturated.

Caution students to weigh
the evaporating dish itself
first.

To save time, the teacher
could have a series of solu-
tions prepared fbr clas use.

It is possible to predict
the solubility of potassium
dichromate at a temperature
he or his fellow students do
not use. It can be done by
either interpolating or
extrapolating. A "read-out"
from the graph should show a
solubility of 40 g of potas-
sium dichromate per 200 ml of
water at 60°C. It will be
difficult for a student to
answer the question, "Can you
assume the same sort of graph
is typical of the solubilities
of all substances?" From the
experiments he has already
done and the solubility curves
he has already seen, he may
jump to the conclusion that
solubility always increases
with temperature. Experi-
ments D.5.0, and! D.5.d should
prove to the student that not
al/ substances increase in
solubility as temperature
increases.

Students can find data
in the section "Solubility
of Inorganic Compounds."
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The student's graph
should look similar to the
one below.

Solubility Curve for Potassium
Dichromate

20 40 60 80 100

TEMPERATURE IN °C

Another alternative
would be to use sodium chro-
mat,?, which has a most un-
usual solubility curve, in
pllce of potassium dichromate.
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D.5.c. Experment: THE EFFECT OF
TEMPERA-it:RE ON SOLUBILITY

Di previous experiments, the substances

you worked with were more soluble in hot

water than in cool water. In other words,

the solubility increased with an increase in

temperature.

Prepare 20 ml of a saturated solution of

calcium acetate at room temperature. Now

heat the solution carefully. Do not let it

boil. Do you think the solubility of calcium

acetate increased with an increase in tem-

perature? Could you make a solubility curve

for calcium acetate? If you have time, do

so, and note how it compares with the

Lolubility curves you have already studied.
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This experiment and the
next are supplemental.
Probably few students will
have time to do them.

The solubility ofCa
(CH3CC1C)2 decreases with in-
creasing temperature. It is
an exception to the solu-
bility patterns the student
has observed in D.5.b.

Answers to Questions

The solubility evidently
decreases with increasing
temperature, because a
precipitate forms when the
saturatod solution is heated.
It is possible to make a
solubility curve by starting
with a saturated solution
at a Zow temperature and
drawing offportions of the
supernatant liquid at various
higher temperatures.

The solubility curve
your students make should be
similar to the one on the
next page.
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Solubility Curve for
Calcium Acetate

20 40 60 80

TEMPERATURE IN °C

Eqw:rment and Materials

Non-cxpEendable:
:arri(3 as 0.5.b.

irpozdablo:
1 lb Ca (CH

3
COO)

2'
H
2
0

(assuming about 5 data
points/class); techni-
cal grade is okay.
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D.5.d. Experiment: THE EFFECT OF TEMPERATURE
ON SOLUBILITY

In previous experiments, the majority of

the substances you worked with were more soluble

in hot water than in cold water. In the case of

calcium acetate, however, you discovered the

solubility decreased with 1:;creasing

temperature. Now let's investigate a "real

strange one." Determine the solubility of

sodium sulfate over a range of temperatures,

10° C to 800 C. Make a graph of your data.

Use The Handbook of Chemistry and Physics and

try to explain your graph.
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Equipment and Materials

Non-expendable:
Same as D.5.b.

EXpendable:
1 lb. Na,S0 .20 1120z 4

(assuming about 5 data
points per class);
technical grade is okay
or Na

2
SO

4
.7 112 0.

The graph below should
be similar to the ones pro-
duced by students.
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SOLUBILITY OF P10
2SO04

10 1120 VS. TEMP

20 40 60 80
TEMPERATURE IN °C

We suggest the use of
Na

2
SO

4
.10 H

2
O. Na

2
SO

4
. 7 H

2
0

may be used but the results
will not be as dramatic.
The solubility curve for
Na

2
SO

4
.10 1120 presents a

singular feature. It rises
rapidly in a normal way, but
above a certain point it
falls. An examination of
the solids above and below
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this point shows they are not
the same. Below this point
the soZid is Na9SO4 10 H90
while above thig Oint it is
the anhydrous salt Na2SO4.
Sharp breaks like this in a
solubility curve always
suggest some chemical change
in the solute.

Answers to Questions

ly the students check in
The Handbook of Chemistry end
Physics, they may discover
that the first part of the
curve demonstrates the
solubility of Na2504.10 H20
and the second part of the
curve demonstrates the
solubility of Na,504.
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D.6 Experiment: FLAME TESTS FOR
CLASSIFICATION

When things burn, the flame often has

pretty colors in it. These flame colors might

be useful for classification. In order to

determine how flame colors might be useful we

will burn a number of different chemicals and

look for significant tidbits of information.

Obtain a piece of nichrome wire with one

end connected to a handle and a small loop in

the other end. Heat the looped end in a flame

and note any change in the flame.color. If

the flame is highly colored hold the wire in

the flame until it is hot and then dip it into

a small dish of hydrochloric acid. Heat again

and note the color of the flame. If necessary

repeat the process until the wire glows but

does not give more than a faint yellow color

to the flame.

Alternate Instructions: If the class is pro-

vided with a different piece of wire for each

chemical it is not necessary to clean them.

You must, however, be careful not to use a

wire for more than one chemical.

Now dip the wire into some potassium

acetate (KCH3CO2) and then hold it in the

flame. Record the color. :n describing
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Equipment and Materials
Nichrome wires with loops
Bunsen burners
Calcium chloride
Copper chloride
Copper nitrate
Lithium chloride
Strontium chloride
Strontium nitrate
Sodium chloride

Alcohol burners do not
provide enough heat for flame
tests. Bunsen burners are
necessary.
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Equipment and Materials
same as D.6 with addition
of simple grating spec-
troscopes, plua pieces of
hZue and green glass

.7tu1ents should be pro-
vidod with a piece of blue
;;IaJs an4 a piece of green
glass.

Visible color of eal.h
Acmiial will depend upon its
oclat:''3. AZ/ substances
will :77),' the characteristic

flame tent if the temperature
is high enough. There are
limits to the number of
chomicqln titat can bc ustA to
distinguish tho charactrris-
tic color. Ijome chemicals
will not give a characteristic

colors exercise your writing skill as well as

your imagination. Repeat this procedure using

potassium chloride (KC1) and again record the

color. Can you make a guess about what was the

direct cause of tne color?

Repeat the process for the following

chemicals and record the flame colors obtained.

Calcium chloride

Copper chloride

Copper nitrate

Lithium chloride

Strontium chloride

Strontium nitrate

Sodium chloride

Examine your data and state how flame

tests may be used for classification.

D.6.a. Experiment: ANALYSIS OF COLORS

The use of the flame tests is limited in

some cases by our ability to describe t.he

colors. Clearly, we need a method for

analyzing mixtures of colors. There art, vrii

tools useful for the analysis of mixtu;es (:f

colors. One simple e.'vice known as a grating

spectrosccde, spreads out the various colors

in light so that the eye can readily see

slight difference. A soap bubble or a glayi

prism can do the same thing.
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Using a hand held simple grating

spectroscope repeat the flame tests.

Try to reproduce the arrangement of lines

obtained from each chemicaL Also note the

colors and their relative intensities The

arrangement of lines is called a spectruN

(plural: spectra).

Examine your spectra reproduction now

r-and state how flame tests with a grating

spectroscope can be used for classification.

16'i

coZor in_a Bunsen flame be-
cause the temperature is
not high enough.
Violet

Potassium compounds --
Purple red through blue glass.
Easily obscured by sodium
flame. Bluish green through
green glass.
Blues

Azure -- Copper chloride.
Copper bromide gives azure
bZue followed by green. Other
copper compounds give same
colorization when moistened
with hydrochloric acid.

Light bZue -- Lead,
arsenic, selenium.
Greens

Emerald -- Copper com-
pounds except the halides,
and when not moistened with
hydrochloric acid.

Yellowish -- Barium
compounds. Some moZybdenum
compounds. Borates, especi-
ally when treated with
sulfUric acid or when burned
with alcohol.

Pure Green -- Compounds
of thallium and tellurium.

Bluish -- Phosphates
with sulfuric acid.

Very faint -- Antimonif
compounds. Ammonium com-
r, undr.

Czrmine L!'W14-7

Vic7rt thP.':4.;;? 1110

Tnvisibli -hr_ug'a

!ass. Mls;.'d

3
lompW
i.Luo 0,ae8 . Yoll:wish Orr

Mas4,1 !,
larium fLame.

Ycllowish Caciur
c.-7r-u,:-.1:1. tiro, Iity:: thr ,r430
: 40 1,zas. qmic?: 017'01.4(.1h

'o Matri/f 11Y
' I IT,: .
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Yellow

All sodium compounds.
Invisible with blue glass.

A more sophisticated
version of color analysis
may be possible if you have
access to gas discharge
tubes.

1 6 8



0.7. - ORGANIZING AND RETRIEVING DATA
133

We have been learning how to study several

physical characteristics of chemicals. Be-

cause.we used only a few chemicals and

determined only a few characteristics we were

never overwhelmed with data. Even so, the data

we obtained is now spread out over a number of

pages of paper. Some of the data is home,

some is in another room, and some has been

covered with mustard and relish and been eaten.

If we were going to gather any more data there

would be a good chance we would also lose some

of it or at least not have it around when we

needed it. Even if we had it around it would

take us a while to find exactly what we needed

at any particular time. Clearly data needs to

be organized and some attention must be given

to the need for retrieving it at a later date.

There are over two million different

chemicals known now. If we had several physical

properties of each of them we would have

around five million bits of information. Let's

see how we could organize this mountain of

data.

The first organization scheme to come to

mind would probably be the handbook method.

The compounds would each have a name, and we

169



134
would list them alphabetically and record the

data on each of them in columns following the

name. If we wanted to locate data on a parti-

cular chemical we would only need to locate the

chemical by name. However, if we had the

melting point, density and/or solubility of an

unknown chemical and wanted to identify the

chemical, this organization scheme would not

be very useful. We would have to go through

pages and pages of data and would probably get

ill long before we found what we were looking

for.

In view of the above problem we might

need to make a list of the chemicals in order

of increasing melting point, a second list in

order of increasing density and so forth. What

a job! At this point someone might suggest

that we really need some kind of computer.

We can build a small mechanical data

processing machine to see how one works and how

it could be of use. Our machine will have a

memory (data storage) and will be able to

answer yes or no to any question we ask it

about the data in its memory. Usin9 our

machine will be like playing "twenty

questions. '

170



D.7.a. - BUILDING A PUNCH CARD MEMORY

Punch cards come in different sizes with a

variety of arrangements of holes. They are all

the same in principle, though. A typical card

shown below has four sets of holes.
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',;11$5.12i2'2122i212i2212(iUli UlVis HIM ?I\,
NAME OF CHEMICAL

FORMULA

DENSITY

MELTING POINT

COLOR

SOLUBILITY

OTHER INFORMATION

43-0

7.-A0

100

474D

!,140

;10lt

c())0eRnigteAggtegnittsiTtitritrrIcAert 0 0 ) 0 0

Figure D.8

The holes in the row across the top are simply

numbered consecutively one to thirty-three.

Along the left side of the card the holes are

designated Ll to L12. Along the right side

they are designated R1 to R12 and the bottom

holes are Bl to B33. The first task in using

the card is to decide c a code so that each

of the four rows of holes ccrresponds to a

different physical cha, acteristic. Then 11',2

holes themselves in each row are coded to

correspond to some value for the phy,ical

characteristic designated hy the row



136 For example, let's code the row of noles

on the left (L1 to L12) solubility.

Insoluble (less than 0.1 gr./I00mI.)
Less than I gr./100 ml. (slightly soluble)>

1- 4.9

5-9.9
10-19.9

20-39.9
gr/I00m. 40-59.9

60-79.9
80-99.9

100-149.9
150-199.9

More than 200 gr./lOOml.

Figure D.9

O 0
0
O 7
Otitu

0

C,

Clc?.?

0 /trj

OrtS0

0 7.5h

0
0143

0

a J. 1 8 e f,s 1781 ?FiO °.0 D0000

If the particular chemicrl !s soluble to the

extent of 35 gr per 100 ml of water at 25

6egrees centigrade we would ,:ore this data

in L6 (20-39.9 gr/100 m1). To store the data

we cut a slot between che hole in the card

and the edge of the card as shown on the

following page.
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Figure 0.10
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138 How can a punch card answer yes or no to

a question.about the solubility of the

corresponding chemical? We ask the question,

"Is the chemical insoluble?" We do this by in-

serting a needle into the L1 hole. The card

is stuck on the needle and this means "no."

Next we might ask, "Is the chemical slightly

soluble, 1 gr/100 ml or less?" by inserting

the needle in L2. Again the card is stuck on

the needle and the answer is "no." Eventually

we would get to L6 and ask, "Is the chemical

soluble in the range 20-39.9 gr/100 ml?" The

card would fall off the needle because of the

slot we cut. This is a "yes" answer to our

question. If we had a hundred cards, each

corresponding to a different chemical, the

method described above would allow us to

simultaneously ask the same question about

one hundred different compounds. Several cards

might fall off the needle, indicating that

more than one chemical has the solubility

corresponding to L6.

We could think up several differerit sys-

tems that would work. It will be easier if

we all use the srwie system.
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Above 10.00 gr./m/.
9.00- 9.99
8.00- 8.99

7.00- 7.99
600 - 6.99
5.00- 5.99 gr./ml.
4.00- 4.99
3.00 - 3.99
2.00 - 2.99

1.00- 1.99
<----- Less than 1.00 gaml.

Density not known

Figure 0.11

The next physical property to tabulate will

be density. Let's use the R holes as shown.

We could use some of the top holes for

melting point data, but we actually do not need

many holes for this purpose. The use of the

bunsen flame temperature as a dividing line

is a convenience just as the boiling point of

water (100° C.) has become an arbitrary

dividing line. The temperature of the bunsen

flame is approximately 1100° C.

1 7 5



140 [MELTS IN BUNSEN FLAME
BUT NOT IN WATER BATH

[iiems NOT MELT 1.._
IN BUNSEN FLAME -1

MELTING POINT
NOT KNOWN

COLORED

BETWEEN

50° AND 100° C

BETWEEN-1

ROOM TEMP 49° C

MELTS BELOW
ROOM TEMP

merrgrre.meremerm 0 0
Figure D.12

We have lots of holes left to use for

various purposes. If a chemical is not white

or colorless we could indicate on the memory

that it is colored and write the color on the

card. This might be very useful. Let's use

iole number 9 to answer yes or no to the

esti.on, "Is the chemical colored?" We can

write many tidbits of information about the

chemical on its card. These tidbits might be

176



useful if we searched a deck of cards for a

chemical with a particular set of properties

and found two or more cards answereo "yes"

to all our questions.

177
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CODE SUMMARY

TEMPLATE

Think about using the extra holes to code

more information,

Hint: If everyone in the class is assigned a

B numbcr, then the coder of each card could be

easily identified,

SOLUBILITY AT 25'C_

IN OR/100 ML.

insoluble

less than 03)

less than

1.0

5.0 - 9.9---)

10.0 - 9.9--)

20.0 - 39,9)
40.0 - 59.9-

60,0 -79.9---)

80.0 - 99,9-4

100.0 -149. 9)

150,0 -199.9--)

more than 200)

178

MELTS IN BUNSEN FLAME

BUT NOT IN WATER BATH

DOES NOT MELf!

IN BUNSEN FLAME;

FIE-LT/NG

NOT KNOWN

JO° AND 100°C

7MELTS BETWEEN

ROOM TEMP 8 0
L.

NAME Or CHEMICAL

FORMULA

DENSITY

MELTING POINT

COLOR

SOLUBILITY

OTHER INFORMATION

EL7S
pr

-
LROOM

i DENSITY '"

above 10

t--9.70 - 9.99

8.00 - 8,99

- 7.99

;50 6.00 - 6,99

5,00 - 5,99

6,C E- 4.00 - 4.99

O 3.00 - 3,99

( 2,00 - 2.99

(-1,00 - 1,99

< less than WO

rg0 density not known

g A9ie fce 67i 0 i-TE h-Eng

C C

You can lay your card over the summary card to identify the holes which are to be used.
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D.7.b. - PREPARING A DECK OF CARDS

We are going to prepare a deck of punch

cards containing the information given in a

handbook type of data storage system. Use the

handbook section for this experiment. The Code

Summary we have developed in the preceding

notes will serve as a template. The teacher

will tell you how many decks the class will

prepare. Each student will prepare some cards

for the decks by cutting the appropriate slots

for a chemical. Be sure to write the name of

the chemical and the other data directly on

the card.

When the deck is done make a sorting

needle from stiff wire and a rubber stopper.

RUBBER STOPPER

STIFF WIRE

Jam i stiff wire into the rubber stopper. Now

test the deck by inserting the wire into hole

L
2

and fan the deck along the wire. Make sure

all the cards are arranged with the no'_ch in

the upper right corner. One card, calcium

sulfate, should fall from the deck. Now try

hole number two along the top. Two cards should

fall out, lanthanum nitrate and calcium iodide

hexahydrate.

180

Equipment and Materials

scissors
punch cards
Handbook
stiff wire (like coat
hangers)

rubber stoppers, no. 3

We have found McBee cards
K5S371N satisfctory and
economical. The cheapest
key sort cards on the market
are too flimsy to be practical
for this use.

The classroom should
have four or five decks of
completed cards. Each class,
however, need not prepare aZZ
five decks. For the experi-
ments utilizing the decks,
pool the decks from aZZ the
classes taking the course.
You will have to decide in
advance how many decks you
want each class to prepare
and therefore how many
chemicals each student will
prepare a card fbr. There
are 56 chemicals in the
Handbook. If a class pre-
pares 2 decks; (2 x 56 = 112)
112 cards will have to be
prepared.

A dissecting needle can
be used for sorting the
cards if you are willing to
risk the danger involved with
the sharp point.
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Placc tit,. unknown

Armicala about the room with
thi punch holc nange of the
,Icnrity given.

The f011owing is a sug-
gested Zist of chemicals
t;uat can be used as unknowns.
You may substitute any com-
p,und you want, provided a
punch card has been prepared
for the chemical.

l A

Lc_ti Chromate
Pi:nsity>6<7
Solubility - insluble

- 844°C
Cllor - bright yellow

[7ilver bromide same
specs except color
is pale yellow

R
Para4ichlorobenzene

.!or - white
M.P. - 53°C

- insoluble
A'avhthalene same

rpecs except M.P.
80°C

Cher7:7(!1l C

5tr?ntium chloride
i)ensity>5<4

- whitp
-

- 6.,.8/g/100

Fl.ame test crimson
for Sr

ch,?miral

Coppor (I) chloi
Ponoity>,1<_.

- 430°C
- j/100

Color - white

D.7.c. - IDENTIFYING UNKNOWN COMPOUNDS

In this experiment you will be given un-

known chemicals. You are to identify the name

of each chemical by using the punch cards and

the characteristic tests of solubility,

density, color, melting point and flame tests.

The density of each compound will be given

within the range of the punch card. When you

test for solubility determine if the sub-

stance is slightly soluble or very soluble.

If slightly soluble, find the solubility in

100 ml of water. If very soluble, find sol-

ubility in 10 ml of water.

Write the name of the unknown compounds

on a separate sheet of paper.
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Chemical E
Calcium chloride

Density> 2 <3
Color - white
M.P. - 7730C
Solubility en gr/100 ml.
Flame test - yellow -

red
Sodium nitrate,
lithium chloride,
ammonium bromide, same
specs except different
flame tests

Chemical F
Lead Oxide

Density >9 <10
M.P. - 500°C
,Solubility - insoluble
Color - red

Chemical G
Potassium acetae

Density >1 (2
M.P. - P920C
SolzAility - 269 gr/100
ml.

Color - white

Chemical h
Potassium chloride

Density > 14: 2

- 7760C
Solubility - 35.6 gr/
100ml.

Color - white

Chemical I
Sodium bicarbonate

Density > 2e, 3

M.P. - 2700C
Solubility - 10.2 gr/
1007771.

Color - white
Flame test - yellow
Potassium sulfate same
specs except flame
test

182
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Chemical J
Sodium chloride

Density>2<3
M.P. - 8010C
Solubility - 35.9
gr/100ml.
Color - white
Flame test - yellow
Potassium dihydrogen
phosphate same specs
except flame test

There are many possible
extensions of this experiment.
If time perm;-ts you can add
more chemica:s. You could
utilize the unused holes
along the bottom to identify
thefstudent preparing the
caA. You could make up
problems, like HDL number
twelve, which are gamelike.
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NAME FOR6.A DENSITY

(gr/m1)

HANDBOOK

25°

MELTING POINT SOLUBILITY

(°C) (gr/100m1 H20)

Example:

Dysprosium chromate 0y2(Cr04)3.10 H20 not available 150° 1.002gr/100 ml N20

(Notch hole kotch hole 4 (notch hole L3)

on top)

NOTES

Yellow

(Notch hole 9

on top and

write yellow

on card)

ketamide C2H5NO 1.2

Aluminum nitIlte

Aluminum oxide A1203 3.965

Ammonium bromide NH4Br 2.429

Cadmium fluride CdF2 6.64

Cadmium hydroxide Cd(OH)2 4.79

Cadmium iodide CdI2 5.67

Calcium bromide CaBr2 3.33

Calcium carbonate CaCO3 2.93

Al(NO3)319 H20 Not available

82° 100+

73.5° 63.7

2045° insoluble

97

1160° 4.35

300° insoluble

387° 86.2

180° 153

520° insduble

not available

(sublimes)

184

00.01mommo

green-yellow.
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NAME FORMULA DENSITY MELTING POINT SOLUBILITY NOTES

(gr/ml) (°C) (gr/100m1 H20)

Calcium chloride CaC1
2

2.15 77' 82

Calcium iodide

hexahydrate
ca12.6H23

2.55 42° 757 yellow

Calcium sulfate CaS0
4

2.96 1450° 0.2

approx.

Cesium bromide CsBr 4.43 636° 123

Chromium chloride [Cr(H20)4C12).2H20

hexahydrate 1.76

83° 58.5 violet

Citric acid hydrate C6H807.020 1.5 70-75° 62+

Cobalt fluoride CoF2 4.46 1200° 1.5 pink

approx.

Copper (I) chloride Cu2C12 4.14 430° 1.52

Copper (II) ,. Mate CoSO4 3.60 650° 21.8 green

Iron (III) carbonate FeCO3 3.8 not available insoluble gray

Lanthanum nitrate La(NO3)36H20 not yailable 40° 151

Lead chromate PbCr04 6.12 844' insoluble yellow

186
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NAME FORMULA DENSITY MELTING POINT SOLUBILITY NOTES

(gr/ml) (0°0 (gr/lOOml H20)

Lead oxide Pb304 9.1 5000 insoluble red

lead sulfate PbSO4 6.2 112° insoluble

Lithium bromide LiBr 3.46 541° 151

Lithium chloride L1C1 2.01 614° 84

Maleic anhydride C4H203 1.5 56° 16

Naphthalene C108 1.15 80° insoluble

Neodymium bromate Nd2(Br03).18N20 not available 67° 146 red

Paradichlorobenzene C6H4C12 1.45 53° insoluble

Platinum tetrachloride PtC14 4.3 370° 58.7 red

Potassium acetate K C2H3O2 1.57 292° 269

Potassium bromide KBr 2.75 730' 67.7

Potassium chloride KC1 1.98 776° 35.6

Potassium dihydrogen
KH2PO4 2.34 253° 33

phosphate

188
o
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NAME

Potassium iodide

FORMULA

KI

DENSITY

3.13

MELTING POINT

(°C)

686°

Potassium molybdate N004 2.91 919°

Potassium phosphate K3PO4 2.56 13400

Potassium sulfate K2SO4 2.66 not available

Silver bromide AgBr 6,47 4320

Silver cnloride AgC1 5.56 4550

1

Silver ritrate AgNO3 4.35 212°

Silver trihydrogen

paraperiodate

Ag2H3I06 5.68 60°

Sodium bicarbonate NaHCO3 2,16 270°

Sodium chloride NaC1 2.16 801°

Sodium hydrogen

sulfate

NaHSO4 2.44 not available

Sndium iodide Nal 3.67 651°

1 90

SOLUBILITY NOTES

(gr/100m1 H20)

148

184.6

193

12

insoluble pale yellow

insoluble white, turns

dark in light

245

1.68 yellow

10.2

35,9

28.6

184

LI1

0
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..111"
FORMULA DENSITY MELTING POINT SOLUBILITY NOTES

(or/m1) ('C) (gr/100m1 H20)

Sodium nitr.ite NaNO3 2.26 3070 92.1

Strontium bromide SrBr

2

4.22 643° 107

Strontium chloride SrC1
2

3.05 873° 55.8

Thallium aluminum

sulfate

TIAI(SO4)2,12H20 2.3 91° 11.8

Thallium iron (III)

sulfate

TlFe(SO4)2.12H20 2.35 ,100° 36.2 pink

Thallium nitrite 11NO2 not available 182° 32.1 yellow

Tin (II) sulfate SnSO4 not available not available 33 yellow

Zinc acetate dihydrate Zn(C2H302)212H20 1.74 100° 40

Zinc chloride ZnC12 2.91 283° 432

192
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irm,!nt and MateriaL.

:verhead projector
Lreared co)r tranJ-

parcncif

Select four stuJents to
serve ac "reporters" in this
experiment. All fbur will
step outoi,ic the room until
called Zn. Reporter #1 will.
examine a picture supplied

the teacher. This re-
porter mill pay close

tention to detail and will
try to remember as rm4ch as
he ca.' aiout the picture.
ile42urter #:3 will be called

:nfo the room and will be
..71?..en a ful description of
the picture hy reporter #1.
Neither reporter wil be
able to see the picture from
where he stands; the descrip-
tion will be done completely
from memory. When he is
through, reporter #1 may take
his seat. Reporter #3 is
then called into the room to
get a full descripion from
reporter #:?. The same pro-
cedure is repeated until
reporter #4 is ready to
pass on the description. Ho
faces the whole class and
describes what he remembers
to a:Z the students in the
room.

This works best if, as
lch reporter is carrying
t his task, the root of

the olass is able to looP
at th, si:!ture projected on

While tho four otuderts
are eut -f the room, instruct

i:7aso to P4.2p a record
'fa)7.; changes in tho

:,!r7.r.t7:cn as the:i

E. COMMUNICATION

E.1 - Experiment: ORAL COMMUNICATION CHAIN

You have been introduced to instruments

which, by extending your senses, can help you

collect information. You have been introduced

to two methods of organizing that gathered

data into useful categories. Suppose you per-

forme laboratory experiment to find an

ansver to a question. How would you com-

municate the results you obtained to others

interested in the same question? Would you

keep a record of all your observations in

your head until someone asked for your

findings? Some people pride themselves on

their good memories. Do you? You will per-

form a brief experiment with your classmates

to see whether this method of communicating

ideas is a useful technique for the scientist.

194



occur. Omissions are as
i,Tortant as verbal errors.

To the question as to
why these changes occur,
students may bring in the
ideas that preconceptions in-
fluence the descriptions and
that, when details are hazy
and the story-line gets
rather thin, somle people may
embellish the description to
make it worth listening to.
Of course, stress the need
to write down all significant
lab observations on paper,
preferably in a bound book
to prevent Ature loss.

An alternate experiment
which demonstrates the diffi-
culty of oral communication,
but not the pitfalls of the
chain, would be to use the
entire class. Working as
partners, one looks at the
picture on the overhead and
describes it while the other
draws what he heard described.

1 9 5
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Equipment and Materials
1 3 x 5 envelope per

student
1 f'ommunicating Ideas

kit for each six-
student team

The kit is made up of
one flat-fold cardboard box,
about 4" x 5" x 6", and ten
nonrecognizable objects
obtainable as surplus or un-
usable parts from the
electronics classroom in any
schl, electronics shops,
local science anci industry
muoeum, etc. The assortment
of o!l'jects in a kit should
includc look-alikes, thereby
drawing the student's atten-
tion to significant dif-
ferences in detail and cre-
ating a reason for some dia-
yrams or measurements on
the student's part.

Standard measuring de-
vices such as meter sticks
and balances should be avail-
able upon request.

Five teams of six stu-
dents each will do. The
teams should not be told
beforehand that the winning
team is the team that wrote
the lescripti:no that made
the most correct identifi-
cations possible.

It wM undoubtedly save
timc if you read the students'
instructions aloud in class.

[ve them 10 tr) 15 min-

utes to examine the objects
and write about them. An-
other 1 to 10 minutes may be
nce,ki as they try to
Hent-'fy them.

E.2 - Exercise: COMMUNICATING IDEAS

The purpose of this exercise is for you

to write a description of one object in a

group of objects in such a way that a reader

can identify the object from your description.

Your team will be given a box containing

ten small objects. Each of you is to examine

all of them, then to choose one object and

examine it more carefully (try not to let any

of the students at the other tables see what

you are handling). Now write down a descrip-

tion of this object using the face of the

envelope handed to you for this purpose.

Return the object to the box.

When each member on your team has

finished, pass all your envelopes and the box

of objects to the team your teacher

designates.

Your table will then receive a pack of

six envelopes with descriptions written on

them, plus a box of objects from another table.

Take one envelope apiece and try to match up

the corresponding object. When you think you

have the right one, place it inside the

envelope, put all six filled envelopes together

and take them back to the table that passed
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them to you.

Your table will get back its envelopes,

also filled. Check them and tally up the

number of correct identifications.

19

Suggested table (team)
arrangement:

A A passes
to C

B passes

C passes
to E

D

Fpasses1

to A I

E passel
to B I

In doing this sort of
exercise, the student should
come to realize

(1) the need for a
standard;

(2) the usefulness of
conciseness in word
description;

(3) the need for making
measurements; and prxticularly

(4) the ftal use of his
senses of sight, touch, feel
(temperature), etc.
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E.3 OBSERVING A SYSTEM AS A SCIENTIST

When you conduct a laboratory experiment

on a living thing, you have the advantage of

being able to vary one condition in the environ-

ment in order to see how this change will affect

the behavior of the organism. When you try to

observe this organism in the field (its natural

habitat), you may be able to learn more about

its normal behavior. Here, however, you cannot

regulate the conditions for your observations.

For example, you may risk losing your specimen;

while it is being observed, it may wander off

into the brush and disappear. It is essential

that any conclusions drawn about "normal" be-

havior must be done on the basi: of repetitive

observation. This normal behavior we refer to

is valuable to the laboratory experimenter and

serves as his control as he proceeds to alter

the environment in the lab and observes its

effect, if any.

One further point is worth noting here.

A series of experiments or tests you run in the

lab may give you reproducibility within a narrow

range. You are correct to consider the re-

sults reliable. But here again, as in the case

of your depth perception tests in Chap. II, the

results may not be valid outside the lab.
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Merely imposiny d laboratory environment on a

living thing may be enough to modify its

behavior.

E.4 Test: THE SOW BUG

Refer to the list of observations you

grew up in Experiment I.A. Could you add to

this list if you were asked to c-)serve a sow

bug again?

Once again observe the sow bug, which your

teacher will put before you, but this time ob-

serve it as a scientist might. Test your new

techniques, maintaining an independent written

record of every feature and activity of the sow

bug which can be observed in one class period.

199

Repeat the same physicaZ
arrangement as in Experiment
I.A. This final task could
be done as a laboratory test
on this unit of Perception
and Quantification.

In addition to the pos-
sible observations Zisted in
Experiment I.A the students
shouZd be able to find

(1) how much the sow
bug weighs;

(2) its Zinear dimen-
sions;

(3) its volume (by dis-
pZacement of water);

(4) possibly its aver-
age density;

(5) whether it makes
any sounds;

(6) how far the sow bug
moves in a specific time span
(a9me graphing) to determine
its average waZking speed;

(7) whether it dis-
pZays any particular pattern
of movement when under dif-
ferent coZored Zights. (For

this purpose you have been
suppZied with a box that has
six windows cut in its cover.
Four are covered with bZue,
yeZZow, green and red trans-
parent materiaZ. One window
shouZd be left uncovered; the
other couZd be used for trials
with different coZor
combinations.);

(8) whether it reacts
to bright Zight;
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(:)) whOhcr it wacts

tii;jt ZP;(?t.

Thc mczy think

of mmny others. You muy find
on: period is not enough time
to nol this test.

(!) Numi,er of otscr'Az-

Nurber of sensE:s
(i'ld the stu(.-nor use

t..)uryli y. temporatur.!

(.;) of sensc ex-
(t,:zre n7corder,

1jfyinj
t;;.!, r ).

(4) floe of c(,rroot

ofrasurem?.nt.

(5) Ilse of s7'gnificant

(6) Tests performed
f-1, sow hug's responses (to
!.r.ht light, colors, sounds,

hor sow hug, etc.).

(7) l)ata dathered on

,hcr sow hugs for comparison.

(8) Caro exercised in
han.d7ni of animal.
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Exercises for Home, Desk, and Lab (HDL)

(1) A classmate is trying to sell you a

ring that he claims is pure gold.

Outline a procedure that you might use

to determine if it is really pure

gold.

(2) A student made mass and volume

readings for six different sized

pieces of metal and got the

following data:

Metal piece Mass (g) Volume (cm3)
#1 38.48 2.0
#2 86.66 4.5
#3 52.49 5.0
#4 36.78 '3.5
45 57.88 3.0
#6 26.25 2.5

a. How many significant figures

should be used in plotting

data?

b. Plot this data on a graph.

c. From your data, did the student

have more than one metal? If so,

how many?

d. What was the density of the

metal or metals?

201

(1) a. Weigh the ring in

air.

b. Put in graduated
cylinder and find
volume displacement
of water.

c. Find density of gold
in handbook and
compare densities.

(2) a. Two and to the near-
est 0.5 because
volume was measured
to the nearest 0.5
am3, so mass should
be plotted to the
nearest 1.0 gram to
get two significant
figures.

b.

2 4

VOLUME

c. Yes, two.

d. Density is mass per
unit of volume,
which from the graph
would be the slope
of the line.

D = gr.
cm

#1 D = 87 - 38 = 49 = fOgr.
4.5 - 2 2.5

#2 = - = !?(; =
- 2. i.
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(3) Mark water level in

beaker without object.
Mark water level in
beakor after adding
object. Take object out,
fLa with water to the
last marking, then mea-
sure out amount of water
between the two lines
on beaker into a graduated
cylinder. This volume of
water would approximate
the volume of the block.

Measure out an exact
volume and weigh on a
balance. Do this with
throe different volumes
of water. Piot on graph,
find slope, whicl- is the
density (see provlem 2).
Results within experi-
mental error should be

gr./cm

a heavy object to
thc substance. Measure
water displa(!ement of
sinker. Submerge brth
substances under water.
Measure water displace-
ment. Difference between
water displacements is
volume of object.

For mass weigh or balance

b. Use diff,,rent sisc' rf

objects that flxit.

c. All should have 'tensity
loss than 1 gr/em
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(3) How would you measure the volume

of an nbject too large to fi'

your graauate cylinder but la I.&

enough to fit in an ..fficalibrated

250 ml. beaker?

(4) How would you obtain the density

of water? Try it.

What results do you get?

(5) a. How would you obtain the

density of a small irregular

substance, i.e., cork, that

would float on water?

b. Try it with 3 or more different

sized objects.

c. What results did you get?



(6) Plot the results of Problcms #4 and #5

on a graph. From the graph can you tell

what density materials must have before

they float in water?

(7) A cube of cork measures 1.5 cm on a side

and has a mass of 1.00 gr.

a. What is its density?

b. What would be the mass of 4.0cm3 of

cork?

(8) When you :ook at the top of water in a

graduated cylinder it is not flat but

curved. How do you decide how much

water is in the cylinder?

(9) A piece of sulfur has a volume of 80cm3

and a mass of 160 gr.

a. Calculate its density?

b. Will it float in water?

c. Will it float in mercury?

(10) A block of mayiesium whose volume is

10 cm3 has a mass of 17 gr. What is

the density of magnesium?

203

(6) Use results to plot mass 161

vs. volume. Slope of
line for objects that
float will be less than
the slope of the line
for water.

(7) a.
D

mass
-

volume

Vcune = e 3

D 1.0 gr. = 1.0a
(1.5cm)i 3.4cm3

D = 0.29gr/cm3
b. Mass = 0.29cr x 4.0cm3

cm3

=1.2gr.

(8) Read the volume of the
water by looking hori-
zontally at the surface
and reading the position
of its lowest point.
This should be developed
in class discussion.

(9) a. D = mass/volume

D = 160gr/8Ccm3 =

2gr/cm
3

b. No. Densit? of
water s lgr/cm3

c. Yes. Density of
mercury is more than
six times that of
sulfur.

(20) D = mass/volume

= 1 .7.:2,//1 00:" = 1.
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(11) P

---, 1

0

(12) Place on opposite pane
of an equal-arm balance.
The carton containing
the milk would have the
greater masc.
Remember: Cream floats
on milk.

(13) a.* Place the device n
in several liquids of
known dencitk. Mdrk

the depth on the te:Tt
tube to which it sinkb
in each known liquid.
Moasuro from tho oKd
of th.;? test tul,c

the marks for d.-r,+h

test tube sink.P.

qraph densiti,i(knw0
Vj. depth.

1.8-

0.6.

';rtzpit .41

/ay. I /;/,
f*,,r 4 1

hitlrom, P.

8 12

DEPTH

FHP f/i, '
,bjt,1 ,r Ow 1),

hOrHmcIlv,,
1'

I4

011 11

1.10 1 /d.

(11) A sample of alcohol amounting to

9.50 cm3 has d mass of 0.41 gr.

What is its density?

(12) How could you distinguish between

unlabeled pint cartons of milk and

of cream without breaking the seals?

(13) Weight the end of a test tube with

lead shot so that the tube is one-

half to two-thirds submerged in

water. How corld you use this de-

vice (called a hydrometer) to

measure the densities of unknown

liquids?

a. Plot a graph of known densities

of liquids with your hydrometer.

Plot density vs depth,

h. rind the density of an unknown

liquid, usinq the datA you ob-

tained in part a.



(14) A student obtained the following

data while heating two different

amounts of the same substances

over an open flame.

Time Amount A Amount B
Min Temp °C Temp °C

25°C 25°C
1/2 50°C 32°C
1 70°C 48°C
2 82°C 70°C
3 82°C 78°C
4 90°C 82°C
5 100°C 82°C
6 82°C

a. Plot the data on a graph

Temp. 'C vs. Time.

b. Which amount contained the

least volume of substance?

c. Plot a graph of temperature

vs. time for the case in

which you have equal amounts

of the same substance but you

are heating one with an open

flame and the other with an

asbestos pad over the flame.

(14) a.

0 2 4

TIME IN MIN,

I. Amount A lontar
Icon volure ta,1
Amunt B. A^..cz<nt

A. recuyhen thr
boiling point
faster than Amount
B.

1. Graph nhould haJe
the same jrneral
ohape an in part
a. becaune thr
nhape iv (Yerendf,1!

upon the ratc cf
heating u
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A

b.

C. B

/ q.
1,V0,7

x 10-1;1rk!r,/

.1. I (1- !: r /

I %, '

I """ I, t I 1 '
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(15) The following graph represents

the heating curve of acetamide.

0

A B C

TIME IN AM
During which time interval is

there:

a. only solid?

b. only liquid?

c. both solid and liquid?

(16) A student was determining the

solubility of different sub-

stances in water at room

temperature. He obtained the

following data.

a. Washing soda
200 gr. in 1000cm3 of
water

b. Baking soda
24gr in 350cm3 of 4er

Express the solubility of each

substance in gr/cm3.

(17) The solubility of chalk is

10-5qr/cm3 of water. How much

water 15 necessary to dissolve

5gr. uf chdlk?



(18) A student collected the following (18) a. 165

data when dissolving an unknown

substance in water. 20 .'

7.1E .'

Solubility (3 /

-j se't

Temperature °C mass/100cmJ 10
25°C 5gr.

50°C lOgr. 0
75°C 15gr. 0,

0 50 100
a. Plot the data obtained on a

graph, solubility gr/cm3 vs.

temperature °C.

b. What would you expect its

solubility to be at 40°C7

c. What would you expect its

soluuilitv to be at 90° C?

(19) It is found that 1.4 x 10-2gr.

of a substance will dissolve

in 15cm3 of meth&nol at 20°C.

How much of this substance will

dissolve in 30cm3 of methanol

at the same temperature?

(20) How do you explain the fact
(20) Sodium compounds are

that if you spill a few drops almost universally
present in foods; the

of soup or milk on a pale-blue yellow color of the
sodium flame is beiy

gas flame when cooking, the flame observed.

changes to a mixture of colors

with yellow most common?

TEMP °C

b. This is a proble-,
in interpolation;
at 400C the mass
per 100cm3 would
be 8gr.

c. This is a problem
in extrapolation;
at 900C the mass
per 100cm3 would
be 18gr.

(19) At a given temperature
the quantity of the
substance will dissolve
is directly proportion-
al to the amount of
solvent used.

1.4 x 10-2gr.30cm3 x
15 cm3

= 2.8 x 10-2gr.
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(21) a. CaZcium

b. Lithium

(21) Use the spectral lines you drew

in Exp. D.6.a. "Analysis of

Colors," and identify the

following elements.

3 t)t t

Blue--Green-- Red

CALCIUM

ormum

() a. Compon, amounts that (22) Two substances are only slightly

Will 4issolvc in
100cmi. soluble in methanol. Only 3.4

:7ubstance A x 10-3gr. of Abs'3nce A will

100cm3 x 3.4 x 10-3gr.
;i4cm0 dissolve in 94ml of methanol,

x 10-3gr.
100cm and only 17 x 10-3gr of sub-

f;r4i)tanco R stance B will dissolve in 500cm3,

1000m3 x 1? x 10-3gr.
1,00cmo of methanol.

x 10-3gr.
100omS a. Which substance is more

nNLotancc P soluble in methanol?

!qrp to Lc :!1.1.;:ht-

ly polublc than b. How much of substance A could

:141.,:,tance A.

you dissolve in 4.5 x 106cm3

L. 4.1 x 100cm x
of methanol?

3.a x 10-gr.=140gr.
100cm (23) Use the punch cards and the

1,Zthium firomido. following data to identify a

Pollard the (Pmcti(qi

giocn in u(.1(!nt guidc. specific compound.

Density_ Color

3.46gr/m1 150+/m1 547'C None
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In the flame test a purple

color is given. What compound

is it?

(24) A student has a white unknown

substance. He found that the

density was 2gr/cm3.

a. Give the procedure you

would use in identifying

the compound.

b. Do the procedure and

identify the compound.

(25) You are a lab technician for a

chemical company. You receive

an order for three different

chemicals with the following

specifications:

Chemical A: Density 2-3gr/m1

Color - white

M.P. - approx. 450°C

Solubility - 90-
100gr/cm3

Chemical B: Density 4-5gr/m1

Color - pink

M.P. - greater than
1000°C

Solubility - 1-2gr/
cm3

209

(24) Give the student about
lOgr of potassium di -
hydrogen phosphate.

a. Use punch card to
separate cards by
color and density.

b.1 Students deter-
mine solubility
according to methods
previously learned.
Solubility is
40gr/100ml.

b.2 Use f7ame test to
get characteristic
purple of p,,tas-
sium.

b.3 Potassium dihydro-
gen phosphate.

(25) Chemical A: Ammonium
bromide

Chemical B: Cobalt
f7uc,,ide

Chemical C: Lead
chromate
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Chemical C: Density 6-7gr/m1

Color - yellow

M.P. 800-900°C

Insoluble

Using the punch cards, name a

compound that would meet the

specifications in each case.
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Appendix A: Suggestions for Laboratory Procedures

A laboratory is a place where scientists look at phenomena under controlled

conditions. It is a place for serious work. Always prepare for an experiment by

reading the directions in the manual before you come to the lab. Make a special

effort to know all precautions.

Do only the experiments approved by your teacher. If you wish to do an

extension (this is encouraged), check with your teacher. This general ruie is for

your safety and that of your fellow students. Laboratory safety is as much an

attitude as a set of rules. The lab will become a safe place for investigation if

the student continually uses common sense about his safety and the safety of others.

If any accident does occur, report to yuur teacher. What seems a minor injury may

have severe consequences.

You will be asked to write laboratory reports. Opinions concerning the

content of these reports vary greatly. It follows that teacher judgment will

determine the type of laboratory reports you are asked to write. The following

ways to improve laboratory reports are to be taken as suggestions only.

(1) Mistakes should not be erased. If there is room for the correction,

the mistake should be crossed out without obliterating it and the correction made.

If the,' is insufficient room, an extra piece of pdper should be added.

(2) Spelling and punctuation are important. Sentence fragments should be

avoided.

(3) The report should be carefully planned. It is best to know what type

of observations should be sensed and, if oossible, what regularities can be found.

Planning will lead to the placement of items in a logical sequence in the report.
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(4) The name of the experiment should be included.

(5) The date on which the experiment was done should be included.

(6) The names of all participants should be included and the name of the

person who actually prepared the report should be designated.

(7) Some reports should include a simple statement or schematic diagram

of the apparatus used in the investigation.

(8) Some reports will require a brief explanation of purpose and procedure

If these are given in the laboratory manual, they should not be included in the

report.* Copying items is "busy work."

(9) Nearly all experiments require taking measurements and subsequent

collection of data. This must be carefully tabulated. If it is possible for you

to make data tables before coming to the laboratory, you will have more time for

observation, which is a major part of any laboratory experience.

(10) If computations are required to interpret results, they should be

included in the report. However, if several computations of a similar nature are

needed, they should be illustrated with a typical example. Mathematical equations,

not arithmetical operations, should be shown.

(11) If the investigation could be altered to get better results, a

statement to this effect should be included.

(12) If the investigation suggests extensions, these should be described.

(13) Reading professional reports from magazines such as The Journal of

Chemical Education and Scientific American should result in better reports.

(14) Many times the most significant information about the experiment is

to be found by graphing rPsults. Whenever appropriate, graphs should be included

in the report; they give a picture from which regularities can he sought. You

will find the following suggestions very helpful.

(a) Always use a full sheet of qraph paper.
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(b) Position the ordinate and abscissa far enough from the edge of the

paper to allow proper labeling.

(c) Assuming a relationship exists, the abscissa should represent the

independent variable; the ordinate, the dependent variable. As

an example: The distance of the gas pedal from the floorboard

in an automobile would be the independent variable, plotted on

the x axis; while the speed of the car would be the dependent

variable, plotted on the y axis.

(d) Each axis must show units--e.g., cm, ml, sec.

(e) Labeling of each axis should run parallel to the axis.

(f) The scale of each axis should be chosen such that the functional

plot covers most of the graph paper.

(g) The name of the graph, the name of the experiment, and the date of

the experiment should be suitably placed on the graph.

(h) When plotting data, draw a circle around each point to indicate

the uncertainty associated with the measurements.

(i) Draw the smoothest possible curve suggested by your data.
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Appendix B: Supplementary Perception Experiments

I. Negative Afterimage of Motion:

Place the spiral disk on a record turntable and rotate it at 78 rpm. The

observer fixates his gaze at the center of the card for about 30 seconds at which

time:

1. The turntable is stopped while the subject continues
to look at the disk, or

2. The subject looks at a page of graph paper, or

3. The subject looks at his partner's face.

An interesting test to indicate whether the effect takes place dt tie

retina of the eye or in the central nervous system can be conducted by having the

subject look at the rotating disk with one eye and test for an afterimage with the

other eye.

(The effect is central.)
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II. Autokinetic Effect:

1/3

A luminescent night light is masked so that a 3 mm. aperture remains open.

FRONT VIEW

ELECTRICAL PLUG I j 1J TOP VIEW

This small spot of light is observed from several feet away in a com-

pletely dark room. After a period of time the spot will appear to move.

The effect is due to the movement of the eye, which, in this situation of

no visual context around the spot, is interpreted on the basis of past learning

as movement of the object in the periphery.

A motor may be placed beside the night light so that its hum can be

suggestive of an electrically powered device.

In formal experiments it has been shown that prestige figures have more

effect than peers in influencing the members of a croup to report movement of a

given amount. Due to this group interaction effect, it is best to allow the

viewers to communicate with each other as they are watching.
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III. Ridwell Effect:

A good demonstration of negative color after;. ,ies can be provided with

the following apparatus:

slot Christmas tree lamp (blue, yellow, red, green)

WHITE
so, LACKB

4,--'

5-6" cardboard disk with slot

rotation of about 3 rev./sec. Speed should be variable.

The disk can be turned by a sewing machine motor controlled by a rheostat.

An old mixmaster ($1.25) has been successfully used to rotate the disk.

LAMP
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